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ABSTRACT 


The abundance ratios [Y/Mg], [Y/Al], [Y/Si], [Y/Ca], and [Y/Ti] have been suggested 


as chemical clocks for solar-metallicity dwarf stars in the field as well as for giant stars in 
open clusters. To verify this last hypothesis, we derived these abundances ratios of 50 giant 
stars belonging to seven open clusters. To calculate the abundances, we analyzed FEROS 
spectra assuming the LTE-hypothesis. We confirmed that [Y /Mg], |Ү/АЦ, [Y/Si], [Y/Ca], 
and [Y/Ti] work as chemical clocks for field dwarf stars at the local region (d « 1 kpc) whereas 
for the field giants the [Y/Mg], |Ү/АЦ and [Y /Si] also present trends with the ages but high 
scattering. [Y/Ca] and [Y/Ti] do not present any correlation with age in the field giants. In 
Our open clusters, the behaviour is similar, [Y /Mg], [Y / Al] and [Y /Si] present evident trends, 
whereas [Y /Ca] vs ages is a flat and [Y/Ti] vs ages is less steep. We also confirmed that the 
chemical clocks have high scatter at the early ages. The chemical clocks for the cluster giants of 
compiled samples, are similar to our results in some cases whereas in other situations there are 
differences but always keeping the general trend. Several relations between abundance ratios 
and ages may be obtained when dwarfs ad giants are analyzed, confirming the non-universality 
of the spectroscopic age indicators. 
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1 INTRODUCTION 


The spectroscopic ratios [Y / Mg], and [Y / AI]? have been impor- 
tant in last years owing to possibility to obtain reliable ages for the 
stars. This fact is striking because stellar ages are hard to derive 
and have always been а topic of discussion in Astrophysics. These 
spectroscopic clocks have been studied in field dwarf stars, while in 
giants the results are limited for some open clusters. 

The ratio [Y/Mg] has been the most studied spectroscopic 
indicator in literature mainly for field dwarf stars, being proposed 
as a promising age indicators for solar twin stars by Nissen (2015) 
and Tucci Maia et al. (2016). Afterwards, Feltzing et al. (2017) used 
a sample of 714 dwarf stars in the solar neighbourhood (Bensby et 
al. 2014) to conclude that [Ү / Ме] vs Age relation is unique to solar 
analogues. Delgado Mena et al. (2019), using more than 1000 ЕСК 
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field dwarfs, confirmed the negative correlation between [Y /Mg] 
and the ages (Nissen 2015). More recently, Titarenko et al. (2019) 
used 342 turn-off stars in the solar neighborhood and also found 
the same negative tendency but they did not see dependency on the 
metallicity. Sküladóttir et al. (2019) studied [Y/Mg] in the dwarf 
galaxy Sculptur obtaining the same negative inclination with the 
ages, although their [Y/Mg] ratios have presented lower values 
relative to the Galactic objects. This result was the first to report 
such clock in other galaxies. 


Despite the validation of the ratio [Y/Mg] as a chemical clock 
for field dwarf stars, the use of this (or any other) spectroscopic age 
indicator to study the chemical evolution of our Galaxy is limited by 
the faintness of such stars. The natural solution to probe the distant 
regions in the Galactic disk are the giant stars, whose luminosity 
can reach several magnitudes brighter. Although the correlation 
between abundance ratios and age for giant stars can be verified 
using those in the Galactic field, it is evident that open clusters are 
the ideal laboratories for such studies since the stars have similar 
initial chemical composition and age. In particular, the ages can be 
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very well determined in open clusters by means of isochrone fitting 
techniques, reaching uncertainties in log(age) of + 0.01 if [Fe/H] 
are known with an accuracy of + 0.06dex (Bossini et al. 2019), 
which, translate in linear age, corresponds to just 2%. 

The first work dedicated to study the [Y/Mg] vs Age in giants 
was Slumstrup et al. (2017) who analyzed five red clump stars in four 
open clusters (NGC 6811, NGC 6819, M 67, and NCG 188) ranging 
ages from ~ 1 Gyr to 6 Gyr. They claimed an evident negative 
tendency between [Y /Mg] and their ages, in excellent agreement 
with the one presented by Nissen (2016) for solar twins. On the other 
hand, Pefia Suárez et al. (2018) also investigated [Y /Mg] vs Age in 
giant stars in three open clusters younger than + 2 Gyr (NGC 3680, 
NGC 2360, and NCG 5822), concluding that there is no evidence 
favouring the negative trend. 

The relation [Y/AI] vs Age was studied in first studied by Nis- 
sen (2016) who analyzed 21 solar twin stars, Spina et al. (2018) 
increased the sample analyzing 79 solar twins. The two works con- 
cluded that the ratio [Y/AI] is an excellent candidate to be spec- 
troscopic age indicator because of the low scattering shown. Later, 
Delgado Mena et al. (2019) also confirmed this ratio as age indicator 
in field dwarf stars. 

Casali et al. (2020) studied the ratios [Y /Mg], [Y/AI], [Y /Si], 
[Y/Ca], [Y/Til] and [Y/TilI] in open cluster giants and solar-like 
stars. These abundance ratios presented a clear scattering for giant 
stars with ages « 2.0 Gyr. The authors concluded that this result was 
due to the variation of the star formation histories at different Galac- 
tocentric distances, and to the role of metallicity in the efficiency of 
the neutron-capture element production. 

More recently, Casamiquela et al. (2021) studied these abun- 
dance ratios and the ages for open clusters in the inner and outer 
disks. They concluded that the tendencies exist but with differences 
in the two galactic disks. 

This paper is organized as follow. In Section 2, we present the 
data employed in this study. In section 3 we describe spectroscopic 
techniques needed to calculate the abundance ratios. In Section 4, 
we present and discuss the spectroscopic clocks. Finally, Section 5 
shows our conclusions. 


2 DATA 


We have applied a detailed spectroscopic analysis for 50 giant stars 
in the open clusters NGC 5316, NGC 6633, IC 4756, NGC 5822, 
NGC 6940, IC 4651 and NGC 2682 (M 67) (Table 1). These clusters 
have solar-like metallicities and ages ranging from 150 Myr to 3.6 
Gyr. 

In order to calculate the chemical abundances and age indi- 
cators, we used high-resolution spectra obtained with the Fiberfed 
Extended Range Optical Spectrograph (FEROS, Kaufer et al. 1999). 
Its spectral resolving power is К = 48000, corresponding to 2.2 pix- 
els of 15и, and the wavelength coverage is [3800, 9200]À. FEROS 
is installed in the MPI 2.2 mts telescope in La Silla/Chile. We have 
taken the reduced spectra from phase III form in the ESO/ archive?. 
The nominal S/N ratio was evaluated by measuring the rms flux 
fluctuation in selected continuum windows, and the typical values 
were S/N = [120, 180]. The Juno solar spectrum used in the analysis 
has a S/N = 800. Therefore, the spectra have good quality to carry 
out the spectroscopic analysis and to obtain reliable results. This 
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fact is shown in Figure I where Y II and SrI absorption lines are 
identified in two stars of the clusters IC 4651 and NGC 2682. 

Figure 2 presents the Hertzsprung-Russell (HR) diagram of 
the seven clusters in our sample as well as the position of the 
50 giant stars with FEROS spectra. This HR diagram was built 
using the Gaia DR2 photometry (Gaia Collaboration, et al. 2018a) 
and Cantat-Gaudin et al. (2018b) catalogs, which include cluster 
membership determination. The isochrone fits obtained by Gaia 
Collaboration, et al. (2018b) and Bossini et al. (2019) were used to 
convert the observational magnitudes to the absolute ones. Table 1 
shows the physical parameters of our cluster sample and the number 
of stars analyzed in each cluster. We directly used these cluster 
ages to develop the analysis presented in this work. We adopted 
conservative age uncertainties of 20% since the estimates from 
Bossini et al. (2019) are only the formal ones, which are clearly 
underestimated in the most cases. Furthermore, it seems that only 
such level of age uncertainty can explain the differences with the 
results found by Cantat-Gaudin et al. (2020) analysing the same Gaia 
DR2 data. These last authors do not provide individual uncertainties 
but informed that the log(age) uncertainty ranges from 0.15 to 0.25 
for young clusters and from 0.1 to 0.2 for old clusters, which are in 
agreement with our conservative assumption. Table Al shows the 
50 cluster giants analyzed in this work. 


3 SPECTROSCOPIC ANALYSIS 


We applied the Local Thermodynamical Equilibrium (LTE) approx- 
imation to derive the abundance ratios in the cluster sample. The 
Stellar Atmospheric Parameters (SAP), effective temperature (Tep), 
surface gravity (log g), microturbulence velocity (€) and metallicity 
[Fe/H] are prerequisite to find the chemical abundances. Specifi- 
cally, Teg were obtained from excitation equilibrium, log g from 
ionization equilibrium between Fel and Fell lines, & from zero 
slope between Fe I abundances and reduced equivalent width and 
[Fe/H] were established from the final value fixed by the ioniza- 
tion equilibrium. To avoid the dependency on the log g f-values 
we have employed the line-by-line (Ibl) method relative to the Juno 
solar spectrum. 

All abundances were obtained via Equivalent Width (EWs) 
measurements, with the exception of Ba and Eu that were computed 
via spectral synthesis technique. To measure the EQW we used the 
Gaussian fit of splot/ IRAF*, and to obtain the stellar parameters 
and chemical abundances we employed the python-code qoyllur- 
quipu? . This code uses the Kurucz atmospheric grids? and spectral 
code MOOG’. The list of the Fe-lines were taken from Lambert et 
al. (1996) & Castro et al. (1997) and for the other elements from 
several sources such as it is shown in the Appendix (Tables A2, A3, 
A4, A5, A6 and A7). 

We have computed [Mg/Fe], [Al/Fe], [Sr/Fe], [Y/Fe], 
[Zr/Fe], [Ba/Fe], [La/Fe], [Ce/Fe], [Nd/Fe], [Eu/Fe], [hs /1s]8, 


^ [RAF is developed by NOAO and available on http://iraf.noao.edu/ 

5 this code was developed by (Ramírez et al. 2014) and it is available on 
https://github.com/astroChasqui/q2 

6 These grids are available on http://kurucz.harvard.edu/ 

7 MOOG is available in its last version оп 
https://www.as.utexas.edu/ chris/moog.html 

$ Obtained from [hs /Fe] - [Is/Fe]; where [hs/Fe] is the mean value for the 
second-peak Ba, La, Ce, апа Nd whereas [Is/Fe] is for the first-peak Sr, Y, 
and Zr 
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Figure 1. Spectral regions around Y II and Sr I absorption lines in the stars IC 4651-9791 and NGC 2682-141. Some lines of other elements are also identified. 
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Figure 2. Gaia DR2 Hertzsprung-Russell diagram for all open clusters ana- 
lyzed in this work. Giant stars with FEROS spectra are marked by black 
circles. PARSEC isochrones (Marigo, et al. 2017) with the parameters 
presented in Table I are overplotted. The original Gaia DR2 data come 
from Cantat-Gaudin et al. (2018b). Only stars with membership probability 
> 0.50 are presented. 
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[Ba/Eu], [Y/Mg], [Y/A1] and [s/ Ее]? abundance ratios. This pro- 
cess was made for six open clusters of our sample. 

For IC 4651, we have taken SAP, [Y/Fe], [Zr/Fe], [La/Fe], 
[Ce/Fe], and [Nd/Fe] from Katime Santrich and Rossi (2017) to 
derive the other abundance ratios and chemical clocks. These au- 
thors used FEROS spectra and the same methodology employed by 
us. 

For our entire sample, the abundance ratios of Mg, AI, Sr, and 
Zr were obtained from the neutral state whereas for the elements 
Y, Ba, La, Ce, Nd, and Eu the ratios were derived from their first- 
ionization state. 

We have compared our results with those from the works of 
Luck (2015, 2018) in which the author has developed an homo- 
geneous analysis of high-resolution spectra corresponding to giant 
and dwarf stars with ages until 8 Gyr and 12 Gyr, respectively. An 
important detail is that this author did not derive the spectroscopic 
age indicators, therefore we have used his results to derived [Y /Mg], 
ГҮ/АЦ, [Y/Si], [Y/Ca], and |Ү/ТЦ, as well as [s/Fe], [hs/Is], and 
[Ba/Eu] abundance ratios. The giant sample of Luck (2015) will be 
also useful because offer a opportunity to compare the giant stars 
within two scenarios, the field and open clusters. The inclusion of 
the field dwarfs studied by the same author will allow to test if the 
spectroscopic clocks also work in dwarfs such as it was reported 
by other authors, if work, this would indicate that the spectroscopic 
analysis carry out by Luck (2015, 2018) is consistent. From these 
papers, we have directly taken the stellar ages whereas for carry out 
our analysis, the cluster non-members were used as well as the stars 
within the metallicity interval of [-0.30, 0.30] dex. It is also import 
to add that we have selected only the field stars whose chemical 
abundances of YII, Mgl, АП, Sil, Call, Til, 511, Ball and Eull were 
calculated from more than two absorption lines (with the exception 


? This ratio represents the mean value of the heavy-element abundances. In 
this work, it was derived from abundance ratios [x/Fe] of Sr, Y, Ba, La, Zr, 
Ce, and Nd. 
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of SrI and Eull). As well as we have also taken the field stars with 
ages derived from at least two isochrones. 

For comparison, we have used the open cluster samples of 
literature whose ages and abundances were obtained in homo- 
geneous form. We have used the open clusters also studied by 
Luck (2015): Me 25, NGC 2287, NGC 2632, IC 2391, NGC 3532, 
Me 1 11, NGC 6475 and NGC 6705. As well as the samples of Reddy 
et al. (2012, 2013, 2015); Reddy & Lambert (2019) and the work 
of Blanco-Cuaresma et al. (2015) who studied dwarf and giant stars 
within several open clusters. 


3.1 Solar abundances 


Our solar atmospheric parameters (5777424 К; 4.45+0.05 dex; 
7.48+0.02 dex; 0.94+0.09 km 8-1) were used to find the abundances 
of the chemical species studied in this work. In general terms, the so- 
lar chemical abundances of Juno spectrum are similar to the reported 
in literature (Table 2). However, some Juno abundances present dif- 
ferences >0.10 dex, specially in relation to Asplund et al. (2009) 
and the giant stars in the open cluster M67 studied in Gaia-ESO 
iDRS. 

For example, although the our determinations of All are similar 
to SuniDR5 and Grevesse et al. (2007), when it is compared to 
Asplund et al. (2009) we see that there is а difference of +0.12 dex. 
In the same way, the abundance of Sil has +0.12 dex in relation to the 
Giants of M67 iDR5 and the Cal presents a difference of +0.17 dex in 
relation to M67 iDR5. Other elements with important differences are 
the ZrI which presents -0.12 dex and -0.11 dex between iRD5 (Sun 
and M67) and Juno respectively. Finally, chemical abundances of 
Lall and Eull have a difference of -0.17 dex when they are compared 
to M671DR5. 

These differences can affect in direct way the comparisons 
between our values and literature. More detailed comparisons, star 
by star in relation to open clusters and field stars of literature will 
be made in section 4.4. The implications of these differences in our 
analyses of the spectroscopic clocks will be discussed in section 4. 


3.2 Stellar parameters and abundances 


The SAP obtained in this work are in the intervals: Te f f = [4347, 
5335]K logg=[1.36, 3.38]dex; €=[1.45, 2.82]km 8-1: and 
[Fe/H] = [-0.15, 0.17] dex. Therefore the obtained SAP, shown in 
Table 3, indicate that our sample correspond to cool RGB stars with 
solar metallicity. The abundances of the chemical species derived 
here are shown in Table 4. 

The absorption line 4607 A, whose profile is well-defined in 
our spectra (Figure 1), was used to obtain the Sr abundances. To 
measure the Ba abundances, we used the absorption lines 5853 A, 
6141 Å and 6497 Å and taken into account the hyperfine structure 
(HFS) corrections of McWilliam and Lambert (1988). In the case 
of Eu, the abundance calculations were more complicated because 
the line 6645 Å always presented a blending with CrI and Sil. 
Following the process explained in Bensby et al. (2005), these ab- 
sorption lines and the CN bands were included in the line list around 
6645 Å and therefore reliable Eu abundances were obtained in our 
sample. Figure 3 shows the spectral synthesis of Eu П in the stars 
NGC 2682-141 and IC 4651—9791. For the first time, we provide 
chemical abundance determinations of Sr, Ba, and Eu for some stars 
in IC 4651, NGC 5822, and NGC 2682. The Eull line 4129À never 
presented a well-defined profile and therefore abundances from this 
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Figure 3. Spectral synthesis to the EuII line at 46645À . Black dotted 
lines are the synthetic spectra whereas red dotted lines represent the final 
solutions. Other absorption lines are identified. 


line were not obtained. The HFS corrections of Mucciarelli et al. 
(2008) were used to derive the Eu abundances. 

Figure 4 shows the chemical abundances of Sr, Ba and Eu 
obtained in this work. We compared our abundances with the field 
giants and also with Gaia and Hi-Res open clusters. As it can be 
Observed, there is similarity between field and open cluster giants. 
Therefore our abundances of Sr, Ba and Eu are consistent to the 
previously found in the Galactic disk. 


3.3 Abundance uncertainties 


In order to evaluate the effect of the stellar atmospheric parameters 
in the final chemical abundances, we have obtained the propagation 
of the uncertainty in all calculated abundances. Furthermore, we 
also included the line to line abundance scatter as another error 
source. The total error of the abundances were obtained from the 
quadratic sum of the previously variables mentioned. In Table 6 
are shown these errors for the star IC 4756-38. This star has errors 
similar to the other stars studied here. 


4 SPECTROSCOPIC AGE INDICATORS 


Itis known from the stellar evolution theory that ISM pollution from 
low-mass AGB stars increases the abundances of Y and Ba with time 
(Travaglio et al. 2004; Fishlock et al. 2017). Otherwise, considering 
that Mg and Al elements are mainly produced by core-collapse 
SNe, the final stage of high-mass stars (28M), and that the ISM 
chemical enrichment occurs in short time-scales, it is reasonable to 
assume that [Mg/Fe] and [Al/Fe] decrease with time (Matteucci 
et al. 2014). Consequently, we can deduce that younger stars have 
higher [Y/Mg] and [Y/AI] ratios than older stars. 
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Figure 4. Left: Chemical abundances of Sr, Ва & Eu star by star in IC 4756 (green triangles), IC 4651 (light orange triangles), NGC 5316 (magenta clear 
triangles), NGC 6633 ( blue triangles), NGC 6940 (yellow triangles), NGC 5822 (cyan triangles) and NGC 2682 (light red triangles) compared with field giants 
of Luck (2015) (gray squares). Error bars represent the standard deviation. Right: comparisons with open cluster samples studied from giant stars: Luck (2015) 
(black triangles); Reddy et al. (2012, 2013, 2015); Reddy & Lambert (2019) (grey triangles) and Blanco-Cuaresma et al. (2015) (open triangles). Error bars 


represent the standard deviation of the mean. 


This behavior is found when solar twins are analyzed from 
high-resolution spectroscopy (Nissen 2015; Tucci Maia et al. 2016; 
Spina et al. 2016, 2018). According to Feltzing et al. (2017), the 
[Y/Mg]-age relation only works for solar analogue stars because it 
depends on the [Fe/H]. This same behaviour was also reported by 
Delgado Mena et al. (2019) using FGK field dwarf stars. In fact, 
they have found that the linear functions to calculate the ages, using 
spectroscopic clocks, are limited by metallicity. These last results do 
not match those found by Titarenko et al. (2019) who, considering 
solar neighbourhood turn-off stars, have concluded that [Y /Mg] 
negative trend with stellar ages is independent of the metallicity. 


Slumstrup et al. (2017) analyzed five stars in the clusters 
NGC 6811, NGC 6819, M 67, and NGC 188, with Fe/H] close to 
the solar metallicity. This paper concluded that the [Y /Mg] clock 
also works for giant stars in the helium-core-burning phase (i.e., Red 
Clump stars). More recently, Pefia Suárez et al. (2018) analyzed gi- 
ant stars in the open clusters NGC 2360, NGC 3680, and NGC 5822 
(which is in common with the present work). They concluded that 
[Y/Mg] seems to be promising as age indicator but they also pointed 
out the necessity to have clusters with a wider age range and more 
studied stars per cluster. 


The first work reporting a non-universality of the spectroscopic 
clocks was Casali et al. (2020), attributing this fact to differences 
in Galactocentric distances or star formation histories. However, in 
their fig. 7, these authors found that the abundances ratios [Ү / Ме], 
[Y/AI], [Y/Ti], [Y /Ca], and [Y /Si], for a sample of 19 open clusters 
from the Gaia-ESO survey present a high scattering in the age range 
« 2.0 Gyr. Surprisingly these authors did not examine the possibility 
that the origin of an apparent non-universality of the spectroscopic 
clocks could reside on the use of giant stars despite dwarf stars. 
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4.1 Giants and dwarfs in the local region 


Figure5 shows the relations [Y/Mg], [Y/Al], [Y/Si], [Y/Ca], 
[Y/Ti] vs. age for the giant and dwarf stars of Luck (2015, 2018), 
our open clusters and also the clusters analyzed by Luck (2015). 
Further, we present the result for linear least squares regressions for 
the field stars. The slope (S) and y-axis intercept (y) parameters, 
as well as the Pearson correlation coefficients (7), are presented in 
Table 8. The uncertainties in these parameters, which correspond to 
84% confidence intervals, were calculated using the bootstrapping 
technique. It also allowed us to estimate the p-values under the null 
hypothesis that the correlation coefficient is null. We performed 
linear fits using the whole samples of Luck (2015, 2018). 


As can be seen from Table 8, for field giants the [Y/Mg], 
[Y/AI], and [Y/Si] are weakly anti-correlated with age (r < —0.30), 
besides we can assume that exist a non-null correlation with more 
than 9996 confidence level since the p-value is lower than 0.01. Pos- 
sibly the correlations were dilute by the scattering that was caused 
by the uncertainties in abundance ratios and age, but unfortunately 
Luck (2015) did not provide this information. From the standard 
deviation of the abundance ratio values for the age range between 
] and 2 Gyr, we estimated that the typical uncertainties range from 
~ 0.10 аех ([Y/Mg] and [Y/AI]) to +0.10 dex ([Y/Si]). Further- 
more, assuming the age uncertainties are the standard deviation of 
the ages that were obtained by Luck (2015) using different stellar 
evolutionary models, the typical relative age uncertainties would 
be ~ 40—60%. Concerning [Y/Ca] and [Y/Ti], the almost null S 
and r values, as well as the high p—values, clearly attest that these 
parameters do not correlate with age. 


The situation for the field dwarfs is different, they present a 
clear anti-correlation between abundance ratios and stellar ages, 
with —0.48 < r < -—0.36 and p-values « 0.01. This includes 
[Y/Ca] and [Y/Ti], whose correlation is null for giant stars from 
Luck (2015). From comparisons with the Pearson coefficients in the 
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Figure 5. Abundance ratios as function of age for our sample, field giants (grey squares) and open clusters (black triangles) of (Luck 2015) as well as the field 
dwarfs (open squares) of (Luck 2018). The red and blue lines represent the least squares fitting for the giants and dwarfs respectively. (See Table 8). 
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dwarf stars of Casali et al. (2020), we could think that the works of 
Luck (2015, 2018) have no high precision in their abundances and in 
this form producing the scattering found in the spectroscopic clocks. 
However, it is necessary consider that the samples of Luck (2015, 
2018) were homogeneously studied and therefore their differences 
in the Pearson coefficients and p— values may be a real fact. In other 
words, the giant stars could have intrinsically higher scattering than 
the dwarfs. 


4.2 Open cluster giants 


Figure 6 shows a comparison between our sample and literature. 
In the two cases the open clusters are restricted to the local region 
(d « 1 kpc). We have found that our sample falls along a very prob- 
able tendency with the ages as it has been previously reported. This 
fact is specially notable for the clocks [Y /Mg], [Y/ AI], [Y /Si] and 
[Y/Ti] whereas for the ratio [Y /Ca] the slope is less steeper. From 
our results it also possible to see that our slopes are similar to the 
obtained slopes for the field stars of Luck (2015, 2018) as it can be 
observed in Table 8. In spite that we have a small sample, we seen 
that scatter reported by Casali et al. (2020) and Casamiquela et al. 
(2021) at the early ages is also present in our clusters. 

To verify this early scatter, we have compiled other samples 
from literature. We found that the works of Reddy et al. (2012, 2013, 
2015); Reddy & Lambert (2019) and Blanco-Cuaresma et al. (2015) 
obtained chemical abundances and ages for several open clusters in 
homogeneous form. Despite that these authors derived abundances 
and ages, they did not discuss the spectroscopic clocks. We have 
used these results and applied the same restriction (d « I kpc) to 
these clusters. These derived clocks are directly compared to our 
results in Figure 6. 

From last figure we seen that the scatter seems to exist despite 
the restriction (d < Ikpc). In these two samples there is also the same 
problem than in ours, no points between ~ 2.0 GYr and ~ 4.0 GYr 
and also not clusters with ages >4.0 GYr. However, the few old 
clusters are not an exclusive problem of this work, Casali et al. 
(2020) and Casamiquela et al. (2021) also have few points and it is 
those older clusters that are defining the anti-correlation with the 
ages. In our sample we have taken the abundances of NGC 3680 
(Pefia Suárez et al. 2018) for calculating the clocks and including 
them in our sample. This cluster was analyzed using the same line 
lists and methodology than us and the spectra are also from FEROS. 
Besides, NGC 3680 has age ~ 2.0 GYr and distance < 1.0 kpc. 

Thus, it is probable that we are observing only a partial be- 
haviour for the open clusters since the field giants shown the ex- 
istence of clear trends of [Y/Mg], [Y/AI], and [Y/Si] with age. 
Then the question that arises is whether the scattering found in the 
giants is due to the method of obtaining abundances and ages which 
would hamper the tendencies. This last could be discarded because 
the field dwarfs, investigated with the same methodology, shown a 
clear trend with less scattering. 


4.3 Cluster dwarfs and other samples 


The best scenario to study the probable existence of age-abundance 
relation differences between giants and dwarfs are the open clusters, 
thus we need to investigate the clusters that were spectroscopically 
studied from giants and dwarf stars. 

On this direction, we have used the table8 from Blanco- 
Cuaresma et al. (2015) to derive these relations which shown in 
Figure 7. we observe that the literature tendencies also seem to exist 
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in giants and dwarfs but with different slopes. In opposite direction 
to the field stars, the four chemical clocks in the sample of Blanco- 
Cuaresma et al. (2015) show that the cluster giant stars have steeper 
slopes than the dwarfs. 

In the specific case of [Y/Mg], our results, Luck (2015), and 
Blanco-Cuaresma et al. (2015) present similar slopes -0.045+0.023; 
-0.035+0.039 and -0.048+0.012 respectively. Whereas the sample 
of Reddy et al. (2003, 2012, 2013, 2015); Reddy & Lambert (2019) 
present a almost flat slope. In the cluster dwarfs, this chemical clock 
present a flatter slope -0.025+0.009 that is very similar to the field 
dwarfs. 

The case of [Y/Si] is complex, our results and Blanco- 
Cuaresma et al. (2015) have similar slopes -0.057+0.014 and - 
0.048+0.018 respectively but the other samples present different 
behaviours, sample of Luck (2015) has a positive slope 0.015+0.034 
whereas Reddy's sample present a flat. The cluster dwarfs present 
a flatter slope whose agrees with the field dwarfs, ie -0.014+0.009. 

Our [Y/Ca] vs age is flat -0.005+0.019, similar to the flat of 
Reddy et al. (2003, 2012, 2013, 2015); Reddy & Lambert (2019) 
0.000+0.019 whereas the samples of Luck (2015) and Blanco- 
Cuaresma et al. (2015) present similar behaviours with slopes - 
0.030+0.029 and -0.023+0.008. The cluster dwarfs also present a 
flat slope in this chemical clock. 

Our [Y/Ti] vs age = -0.024+0.019 is similar to the value - 
0.034+0.007 from the sample of Blanco-Cuaresma et al. (2015) and 
also similar to -0.043+0.025 from Luck (2015). Whereas Reddy’s 
sample has a flat. This chemical present a flatter slope -0.014+0.009 
in the cluster dwarfs. 

Only seven open clusters were studied using giants and dwarfs, 
the number of analyzed stars by cluster is also low. However, Luck 
(2018) analyzed Melotte 25 using 42 dwarfs and Blanco-Cuaresma 
et al. (2015) used 28 giants and 14 dwarfs to analyze NGC 2682. 

There are some exceptions that are precisely in these two clus- 
ters. The chemical clocks [Y/Si] and [Y/AI] in Melotte 25 and 
[Y/Si] in NGC 2682, these clocks present differences > 0.15 dex 
between giants and dwarfs. Consequently, to confirm/refuse differ- 
ences between giants and dwarfs, more open clusters and stars by 
cluster need to be analyzed. 


4.4 Comparisons with literature 


We did comparisons between our ratios [Y/Mg], [Y/AI], [Y/Si], 
[Y/Ca], and [Y/Ti] and other authors that done detailed studies 
of the same clusters. This means the authors that have the tables, 
of the analyzed stars, available for star-by-star comparisons. These 
comparisons are shown in Tables 10, 11 and 12. 

Some stars of the clusters IC 4651 and NGC 2682 were also 
analyzed by Luck (2015), we have done a direct comparison with 
the six stars in common. As it is shown in Table 11, the differences 
in relation to our values are very low. This is more evidence when 
we see the mean of the differences. Those similarities are also 
observed in Figure 5, which shows that our results fall along the 
global behaviour of the field giants of Luck (2015). 

In Table 10, we see that our results are very similar to the 
obtained abundances by Pefia Suarez et al. (2018) in the cluster 
NGC 5822, the quantities A[Y/Mg], АГҮ/АЦ, A[Y/Si], A[Y/Ca], 
and A[Y/Ti] that represent the mean differences of the abundances 
have values near to zero. Further NGC 5822, these authors also 
studied NGC 3680 that was added to our results. (da Silveira et al. 
2018) were studied in the same way that in this work, that is to say 
using the same line lists and FEROS spectra such as in this work. 

The case of NGC 6940 is similar to NGC 5822, the mean values 
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of Bocek Topcu et al. (2016) are similar to the found in this work 
in spite that they did not use the Ibl method nor the line lists used 
by us. Bocek Topcu et al. (2015) also studied NGC 752 which was 
normalized to the Juno values. 

Also in Table 10 we see that IC 4756 presents notable differ- 
ences in [Y/Mg] and [Y/Si] obtained by Bagdonas et al. (2018) 
and this work. These authors reported lower values and they did not 
apply the Ibl method. Their iron line lists are not the same than us, 
originating discrepancies in the atmospheric parameters that will 
also produce differences in the abundance determinations. In the 
specific case of [Y/Mg], these authors only used two absorption 
lines for obtaining the Mg-abundances in all stars of their sample. 
In any case, our relations [Y/Mg] & [Y/AI] —age are more near to 
the literature tendencies than the results of Bagdonas et al. (2018). 

Great differences in NGC 5316 appear when our results are 
compared to Drazdauskas et al. (2016). Our abundance ratios seem 
to be more congruent in the context of the spectroscopic clocks, the 
[Y/Mg] and [Y/Si] from these authors are lightly higher to field 
giants of Luck (2015) such as it is observed in the Figure 5. 

Comparisons with Casali et al. (2020) are shown in Ta- 
ble 12, there are non-negligible differences for the clock [Y/AI] 
in NGC 6633 & NGC 2682 ав well as for [Y/Si] in NGC 2682. In 
the case of NGC 2682, Casali et al. (2020) reported solar values for 
the chemical clocks whereas our results also shown values near to 
the solar but excepting the clocks [Y/AI] & [Y/Si] which have pre- 
sented lower values. Å study with more giant stars 15 necessary to 
determine if these stars within NGC 2682 also have solar abundance 
ratios. In literature there are extensive analysis about M67 but in the 
majority of these works the number of giant stars is low or simply 
these stars were not included in the analysis. The open cluster M67 
was also analyzed by Slumstrup et al. (2017) and Önehag et al. 
(2014). When comparing with this work and Casali et al. (2020), 
we can see that our value [Y/Mg] = -0.07+0.02 dex is closer to - 
0.04+0.05 dex found by Onehag et al. (2014), whereas the results 
of 0.01+0.03 dex (Slumstrup et al. 2017) and 0.00+0.01 dex (Casali 
et al. 2020) are very similar. In the case of [Ү/АП in NGC 6633, 
the interpretation is similar, Our results are within the trend set by 
the field giants whereas the value reported by Casali et al. (2020) is 
on the upper limit of the tendency of Luck (2015). Unfortunately, 
Casali et al. (2020) did not specify the studied giant stars in the 
two clusters, the identifying of the giants would have facilitated the 
direct comparison. 


5 SUMMARY AND CONCLUSIONS 


In this work we have investigated the spectroscopic age indica- 
tors [Y/Mg], [Y/A1], [Y/Si, [Y/Ca], and [Y/Ti] in giant stars. 
For such purpose, we have done a homogeneous spectroscopic 
analysis of 50 solar-metallicity giant stars of seven open clusters 
(NGC 5316, NGC 6633, NGC 5822, IC 4756, NGC 6940, IC 4651, 
and NGC 2682). With the goal to generalize our results, we have 
compared with other homogeneous samples of literature where gi- 
ants and dwarfs, in the field and open clusters, were investigated. 
The main results and conclusions that emerge from this work are: 


e From the slopes, correlation coefficients and p—values derived 
in the field dwarf stars, we confirmed that the aforementioned spec- 
troscopic age indicators work in this type of stars. This fact is in 
agreement with the reported in literature for dwarf stars in the inner 
disk. 

e For the field giant stars, [Y/Mg]- and [Y/Al]-age relations 
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present weaker correlations than the ones from dwarf stars, al- 
though the slopes are similar. The [Y /Si] vs. age relation shows а 
correlation coefficient near to the values found in the dwarf stars 
and a steeper slope. These abundance relations for field giant stars 
present a remarkable scattering. The ratios [Y /Ca] and [Y / Тї] have 
flatter slopes and null correlations with age, indicating that they 
cannot be considered as age indicators for evolved stars of the inner 
disk. 

e Our open clusters and the homogeneous literature samples 
shown that the scattering reported by Casali et al. (2020) to seem 
to be real independently of the galactic region (7 < Кос < 8.5 Крс 
and/or d « 1 kpc). This behaviour is observed in the results obtained 
from giant stars as well as from dwarfs. 

e Despite that the scattering at the early ages, our open clusters 
shown that the tendency between abundance ratios and ages very 
probably exist as it has been reported by other authors. This fact 
is evident for the spectroscopic clocks [Y /Mg], [Y/ AI] and [Y /Si] 
whose slopes -0.045+0.023, -0.040+0.015 and -0.057+0.014, re- 
spectively, are close to the literature. Our slope for [Y /Ca] is a flat, 
it agrees with the field giants and other cluster samples. 

e Except for the spectroscopic clock [Y/Ca], our cluster stars 
present steeper slopes than the field stars. This fact could be due 
to the high number of field stars studied in Luck (2015, 2018). 
Our sample is limited, only two open clusters with ages > 2.0 GYrs 
and none cluster with ages > 4.0 GYr. The clusters NGC 3680 and 
NGC 2682 are the objects that really are defining the anti-correlation 
for our spectroscopic clocks. However, this situation is very similar 
to the found in Casali et al. (2020) and Casamiquela et al. (2021), 
in these works, two or three clusters are also defining the anti- 
correlations. These facts reinforce the need to analyze the older 
open clusters. 

e Because of the behaviour found in Melotte 25 and NGC 2682, 
it is also need to study more giant stars and dwarfs by cluster to 
confirm/refuse the differences between giants and dwarfs. 

e From this work and the literature, we seen that several relations 
between abundance ratios and ages seem to exist in the Galactic disk 
when giants and dwarfs are analyzed. This fact point to the probable 
non-universality of the spectroscopic age indicators. 

e The abundance ratios [Sr/Fe], [Ba/Fe], [s/Fe] and [Eu/Fe] 
derived in our open clusters follow the Galactic disk trend reported 
in other clusters and field stars of literature. 
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Table 1. Physical parameters of the seven open clusters analyzed in this work. [Fe/H] is the spectroscopic metallicity used for the isochrone fitting in each 
work, the last column presents the number of giant stars with FEROS spectra. 


Cluster RA (J2000) Рес (72000) Age (Gyr) [Fe/H] distance (kpc) Е(В-У) Reference Nspectra 
NGC 2682 | 132.846 +11.814 3.6445, 0.00 0.88 0.04 Bossini et al. (2019) 3 
4.3 0.00* 0.89 0.02 Cantat-Gaudin et al. (2020) 
NGC 5316 | 208.516 -61.883 0.153+0002 0.13 1.44 0.25 Bossini et al. (2019) 4 
0.17 0.00* 1.45 0.30 Cantat-Gaudin et al. (2020) 
NGC 5822 | 226.051 -54.366 0.891+0:000 0.08 0.81 0.11 Bossini et al. (2019) 9 
0.91 0.00* 0.85 0.13 Cantat-Gaudin et al. (2020) 
IC 4651 261.212 -49.917 2.0 0.12 0.95 0.04 Gaia Collaboration, et al. (2018b) 7 
1.7 0.00* 0.98 0.14 Cantat-Gaudin et al. (2020) 
NGC6633 | 276.845 406.615 0.773+0:095 —-0.08 0.37 0.15 Bossini et al. (2019) 5 
0.69 0.00* 0.42 0.10 Cantat-Gaudin et al. (2020) 
IC 4756 279.649 +05.435 09715008 0.00 0.48 0.13 Bossini et al. (2019) 11 
1.3 0.00* 0.51 0.09 Cantat-Gaudin et al. (2020) 
NGC 6940 | 308.626 +28.278 LO, — $15 1.03 0.15 Bossini et al. (2019) 11 
1.3 0.00” 1.10 0.13 Cantat-Gaudin et al. (2020) 
Table 2. Juno abundances compared with Gaia-ESO SuniDR5, 
С 2007(Grevesse et al. 2007), А 200%Asplund et al. 2009) and giants 
M67 iDRS. 
Spec Juno SuniDR5 G 2007 A 2009 M67 iDR5 
Fel | 7.48+0.06 7.494003 7.50+0.05 7.50+0.04  7.4540.01 
Mgl | 7.55+0.07 7.5140.07 7.53+0.09  7.60-6004  7.5140.05 
АП | 6.3340.03 6.34+0.04 6.37+0.06 6.45+0.03 6.41+0.04 
Sil | 7.43+0.07 7.48+0.06 7.51+0.04 7.51+0.03 7.55+0.06 
Cal | 6.27+0.06 6.31+0.12 6.31+0.04 6.34+0.04 6.44+0.10 
Til | 4.92+0.07 4.90+0.08 4.90+0.06 4.95+0.05 4.90+0.09 
Srl 2.85 — 2.97-007 2.87+0.07 — 
ҮП | 2.23+0.05 2.19+0.12 2.21+0.02 2.21+0.05 2.14+0.09 
Ball | 2.20+0.07 2.1740.06 2.13+0.05 2.18+0.09 2.07+0.07 
71 | 2.65+0.09 2.53+0.13 2.60+0.02 2.58+0.04 2.54+0.05 
Lall | 1.17+0.02 — 1.1740.07 1.10+0.04 1.00+0.12 
Cell | 1.60+0.06 1.70+0.11 1.58+0.07 1.58+0.04 1.71+0.01 
NdII | 1.51+0.08 — 1.50+0.06 1.42+0.04 — 
ЕШ 0.59 0.52+0.06 0.51+0.08 0.52+0.04 0.42+0.04 
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Table 3. Stellar atmospheric parameters calculated in this work. The line numbers of Fe I and Fe II are represented by #; and #2. Whereas o and on represent 
the standard deviation and standard error of the mean, respectively. 


MNRAS 000, 1—35 (2022) 


Star 


IC 4756-12 
IC 4756-14 
IC 4756—28 
IC 4756—38 
IC 4756—42 
IC 4756—44 
IC 4756—52 
IC 4756-101 
IC 4756—109 
IC 4756-125 
IC 4756-164 
Meant с, 


NGC 5822-6 
NGC 5822-8 
NGC 5822-102 
NGC 5822-224 
NGC 5822-240 
NGC 5822-316 
NGC 5822-348 
NGC 5822-375 
NGC 5822-443 
Meant с, 


NGC 6940—28 
NGC 6940—30 
NGC 6940—67 
NGC 6940-87 
NGC 6940-101 
NGC 6940-105 
NGC 6940-108 
NGC 6940-132 
NGC 6940-138 
NGC 6940-139 
NGC 6940-152 
Mean + on 


NGC 6633-78 
NGC 6633-100 
NGC 6633-106 
NGC 6633-119 
NGC 6633-126 
Meant с, 


NGC 5316-31 
NGC 5316-35 
NGC 5316-45 
NGC 5316-72 
Meant с, 
NGC 2682-141 
NGC 2682-151 
NGC 2682-244 
Meant с, 








Teff tc log gio 


K 


5124+21 
4765+52 
4689+34 
5224+27 
5226429 
5177+28 
4503+47 
5241+29 
5070+29 
5172+20 
5176+39 
5060+67 


519527 
5069+18 
5183+39 
5202+33 
4605+37 
5183+25 
5202+23 
4802+41 
4817+50 
4980+84 


515631 
5034+33 
5118+40 
5091+36 
3137331 
4874+43 
5335+38 
5070+32 
5086+18 
5136+34 
5049+42 
5099+33 


4420+22 
5080+20 
5172+20 
5241+31 
5232+34 
5029+155 


4825+58 
4716+49 
4347+20 
4388+16 
4569+119 


4854+34 

4871+34 

517530 
4967+104 


dex 


2.96+0.09 
2.56+0.12 
2.34+0.15 
3.20+0.08 
3.16-0.08 
3.17-0.08 
2.08--0.11 
3.17-0.08 
2.85+0.10 
2.94+0.09 
3.09+0.09 
2.89+0.10 


3.07+0.06 
2.83+0.07 
3.05+0.09 
3.07+0.08 
2.18+0.11 
3.03+0.05 
3.18+0.07 
2.52+0.09 
2.62+0.13 
2.75+0.13 


3.09+0.07 
2.85+0.12 
3.05+0.09 
3.04+0.08 
3.24-0.09 
2.66+0.12 
3.38+0.13 
2.99+0.10 
2.95+0.08 
3.04+0.07 
3.02+0.08 
3.03+0.06 


1.78+0.09 
2:154:0:07 
2.96+0.09 
3.14+0.08 
3.11+0.08 
2:15:Е0:25 


1.65+0.17 
2.17+0.16 
1.36+0.11 
1.45+0.15 
1.66+0.18 


2.73+0.10 
2.79+0.12 
3.18+0.09 
2.90+0.14 


E+o  [Fe/H]£o Gh, t) 


1.61+0.06 
1.74+0.08 
1.76+0.07 
1.66+0.06 
1.61+0.06 
1.58+0.07 
1.91+0.07 
1.62+0.06 
1.75+0.07 
1.80+0.06 
1.74+0.07 
1.68+0.03 


1.55+0.06 
1.60+0.05 
1.65+0.06 
1.45+0.07 
1.87+0.06 
1.67+0.05 
1.57+0.05 
1.79+0.06 
1.82+0.07 
1.66+0.04 


1.53+0.06 
1.69+0.08 
1.59+0.07 
1.45+0.06 
1.59+0.07 
1.67+0.07 
1.99+0.10 
1.59+0.07 
1.54+0.05 
1.62+0.06 
1.72+0.06 
1.63+0.04 


2.01+0.05 
1.62+0.04 
1.52+0.07 
1.63+0.07 
1.56+0.07 
1.67+0.09 


2.82+0.19 
2.31+0.10 
2.16+0.06 
2.28+0.08 
2.39+0.15 


1.80+0.07 
1.67+0.07 
1.62+0.06 
1.70+0.05 


dex 


-0.02+0.08 (76, 14) 
-0.06+0.11 (76, 14) 
-0.15+0.11 (75, 14) 
0.02+0.07 (76, 14) 
0.03+0.08 (76, 14) 
0.02+0.08 (77, 13) 
-0.09+0.10 (68, 12) 
0.05+0.07 (74, 14) 
-0.01+0.08 (77, 14) 
-0.07+0.06 (69, 14) 
0.04+0.09 (77,14) 
-0.01+0.02 


0.01+0.06 (64, 13) 
-0.02+0.05 (62, 12) 
-0.06--0.08 (67, 12) 
0.09--0.08 (70, 10) 
-0.10+0.08 (57, 11) 
0.08+0.06 (75, 11) 
0.06+0.06 (74, 13) 
0.00+0.08 (70, 13) 
0.03+0.09 (68,9) 
0.00+0.02 


0.12+0.07 (69, 14) 
0.11+0.11 (73, 12) 
0.16+0.09 (72, 12) 
0.17+0.08 (70, 11) 
0.15+0.09 (68, 12) 
0.08+0.11 (70, 11) 
0.05+0.10 (66, 8) 
0.17+0.09 (74, 11) 
0.05+0.07 (72, 13) 
0.10+0.08 (71, 10) 
0.11+0.08 (71, 12) 
0.12+0.01 


-0.12+0.05 (44, 10) 
0.07+0.05 (60, 13) 
0.11+0.08 (63, 12) 
0.00+0.07 (64, 14) 
0.09+0.08 (64, 13) 
0.03+0.04 


-0.09+0.09 (41, 8) 
0.01+0.09 (50, 13) 
-0.13+0.06 (44, 11) 
-0.15+0.06 (41, 9) 
-0.09+0.04 


0.06+0.07 (53, 11) 

0.09+0.08 (55, 11) 

0.09+0.07 (61, 13) 
0.08+0.01 
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Table 4. Abundance ratios [x/Fe] for the elements calculated in this work. These ratios were calculate from [X/Fe] = [X/H] - [Fe/H] where [X/H] is obtained 
from [X/H] =log (Nx / Мн) — log ( Nx/Ng)e. 


star [Mg/Fe] [Al/Fe] [Si/Fe] [Ca/Fe] [Ti/Fe] [Sr/Fe] [Y /Fe] [Zr/ Fe] [Ba/Fe] [La/Fe] [Ce/Fe] [Nd/Fe] [Eu/Fe] 
ІС 4756-12 0.04 0.07 0.11 0.13 0.07 0.09 0.15 -0.09 0.05 0.21 0.18 0.20 0.03 
IC 4756-14 0.04 0.11 0.18 0.09 -0.03 -0.03 0.16 -0.11 0.11 0.38 0.24 0.25 0.13 
ІС 4756-28 0.08 0.28 0.20 0.10 0.00 -0.01 0.09 -0.13 0.15 0.33 0.14 0.01 0.11 
ІС 4756-38 -0.04 0.04 0.07 0.06 0.02 0.07 0.14 0.01 0.15 0.29 0.15 0.16 0.15 
IC 4756-42 -0.07 0.02 0.09 0.06 -0.02 0.01 0.08 -0.02 0.10 0.18 0.11 0.03 0.16 
IC 4756-44 -0.07 0.05 0.06 0.08 -0.01 0.10 0.16 -0.07 0.23 0.63 0.20 0.14 0.07 
IC 4756-52 0.02 0.16 0.22 0.04 -0.08 -0.12 0.09 -0.26 0.13 0.33 0.09 0.18 0.13 
IC 4756-101 -0.06 0.01 0.05 0.05 0.01 0.13 0.11 -0.04 0.16 0.27 0.04 0.29 0.11 

IC 4756-109 0.00 0.12 0.12 0.12 0.04 0.10 0.13 -0.01 0.12 0.33 0.16 0.19 0.12 
IC 4756-125 0.03 0.13 0.13 0.07 0.03 0.10 0.07 -0.02 0.04 0.23 0.13 0.19 0.10 
IC 4756-164 -0.06 0.07 0.05 0.07 0.03 0.14 0.09 0.05 0.14 0.40 0.27 0.27 0.12 
Meant on -0.01 +0.02 0.10+0.02 0.12--0.02 0.08--0.01 0.01--0.01 0.05--0.02 0.12--0.01 -0.06:-0.03 0.13--0.02 0.33--0.04 0.16+0.02 0.17+0.03 0.11+0.01 
МОС 5822-6 0.05 0.13 0.07 0.06 0.04 -0.03 0.02 0.12 0.38 0.23 0.19 0.23 0.06 
NGC 5822-8 0.09 0.08 0.16 0.09 -0.02 0.08 0.13 -0.09 0.29 0.20 0.22 0.24 0.03 
NGC 5822-102 0.12 0.10 0.03 0.08 0.05 0.00 0.08 0.17 0.38 0.36 0.17 0.09 0.17 
NGC 5822-224 0.03 0.10 0.03 0.07 0.05 0.02 0.20 0.01 0.42 0.40 0.25 0.35 0.18 
NGC 5822-240 0.20 0.31 0.10 0.03 0.07 -0.08 -0.06 0.00 0.32 0.41 0.25 0.28 — 
NGC 5822-316 0.12 0.01 0.04 0.04 0.03 -0.01 0.03 -0.06 0.24 0.31 0.27 0.12 0.09 
NGC 5822-348 0.07 0.01 0.12 0.12 0.15 0.05 0.10 -0.01 0.20 0.34 0.31 0.22 0.14 
NGC 5822-375 0.25 0.13 0.09 0.05 0.02 0.05 0.08 -0.02 0.29 0.39 0.24 0.23 0.13 
NGC 5822-443 0.17 0.11 0.12 0.04 0.05 0.09 0.15 0.00 0.29 0.40 0.26 0.19 0.15 
Meant on 0.12+0.02 0.11+0.03 0.08+0.01 0.06+0.01 0.05+0.01 0.02+0.02 0.08+0.03 0.01+0.03 0.31+0.02 0.34+0.02 0.24+0.01 0.22+0.03 0.12+0.02 
МОС 6940-28 0.06 0.05 0.05 0.04 -0.02 0.27 0.00 0.09 0.17 0.18 0.09 0.04 0.10 
МОС 6940-30 0.11 0.11 0.08 0.08 0.01 0.03 0.04 0.03 0.25 0.25 0.10 0.30 0.13 
МОС 6940-67 0.06 0.10 0.08 0.06 0.04 0.14 0.00 0.06 0.14 0.20 0.21 0.21 0.06 
МОС 6940-87 0.04 -0.01 0.06 0.04 0.00 0.03 0.05 -0.15 0.10 0.09 0.14 0.22 0.02 
МСС 6940-101 0.10 0.19 0.17 0.14 0.04 0.24 0.25 -0.01 0.17 0.33 0.24 0.18 0.01 
NGC 6940-105 0.12 0.22 0.18 0.08 0.03 0.02 0.09 -0.02 0.15 0.26 0.18 0.26 0.13 
NGC 6940-108 0.02 0.07 0.00 -0.05 0.03 0.33 0.26 0.24 0.14 0.34 0.25 0.22 — 
NGC 6940-132 0.09 0.14 0.17 0.15 0.00 0.10 0.13 0.02 0.15 0.27 0.20 0.25 0.19 
NGC 6940-138 0.10 0.12 0.09 0.06 0.04 0.13 0.10 0.03 0.08 0.32 0.07 0.18 — 
NGC 6940-139 0.12 0.14 0.12 0.12 0.03 0.17 0.10 0.05 0.11 0.27 0.19 0.18 0.13 
NGC 6940-152 0.11 0.16 0.15 0.10 0.04 0.09 0.08 0.01 0.17 0.35 0.20 0.15 0.17 
Меап+ с 0.08--0.01 0.12--0.02 0.11+0.02 0.08--0.02 0.02--0.01 0.14--0.03 0.10--0.03 0.03+0.03 0.15+0.01 0.26+0.02 0.17+0.02 0.20+0.02 0.10+0.02 
МОС 6633-78 0.06 0.20 0.09 -0.05 -0.10 -0.06 0.04 -0.14 0.09 0.27 0.10 0.08 0.12 
NGC 6633-100 -0.03 0.10 -0.03 0.11 -0.05 0.12 0.04 -0.14 0.17 0.20 0.04 0.20 0.08 
NGC 6633-106 -0.14 0.05 -0.03 0.02 -0.02 0.13 0.00 -0.24 0.35 0.18 0.02 0.06 0.13 
NGC 6633-119 -0.05 0.03 -0.01 0.05 -0.01 0.16 0.09 -0.10 0.26 0.16 -0.03 -0.06 0.09 
NGC 6633-126 -0.12 0.03 0.01 0.06 -0.01 0.20 0.05 -0.12 0.26 0.20 -0.01 0.03 0.15 
Meant on -0.06+0.04 0.08--0.03 0.01--0.02 0.04--0.03 -0.04+0.02 0.11+0.04 0.04--0.01 -0.15+0.02 0.23+0.04 0.20+ 0.02 0.02+0.02 0.06+0.04 0.11+0.01 
МОС 5316-31 -0.03 0.20 0.04 -0.08 -0.14 0.06 0.04 0.02 0.20 0.00 -0.01 -0.12 0.05 
NGC 5316-35 0.15 0.23 -0.01 -0.11 -0.07 0.01 0.02 -0.11 0.28 0.28 -0.07 0.30 0.17 
NGC 5316-45 0.07 0.15 0.08 -0.14 -0.18 -0.06 0.03 -0.19 -0.03 0.11 0.09 0.11 0.09 
МСС 5316-72 0.11 0.24 0.13 -0.09 -0.13 -0.11 0.12 -0.18 0.02 0.08 -0.10 -0.04 0.07 
Меап+ on 0.07+0.04 0.21+0.02 0.06+0.03 -0.11+0.01 -0.13+0.02 -0.02+0.04 0.05--0.02 -0.11+0.05 0.12+0.07 0.12+0.06 -0.02+0.04 0.07--0.09 0.10--0.03 
NGC 2682-141 0.13 0.18 0.21 0.05 0.03 -0.06 0.04 -0.04 -0.05 0.23 0.07 0.13 0.14 
NGC 2682-151 0.11 0.14 0.23 0.02 0.08 0.08 0.03 -0.09 0.10 0.16 0.06 0.15 0.16 
NGC 2682-244 0.07 0.17 0.11 0.04 0.08 -0.01 0.03 0.03 0.09 0.20 0.02 0.05 0.15 
Meant on 0.10+0.02 0.16+0.01 0.18--0.04 0.04--0.01 0.06--0.02 0.01+0.04 0.03+0.00 -0.03+0.03 0.05+0.05 0.19+0.02 0.05+0.01 0.11+0.03 0.15+0.01 





Table 5. Abundance ratios for Mg, Al, Si, Ca, Ti, Sr, Ва, and Eu in the cluster ІС 4651. 


Star [Mg/Fe] [Al/Fe] [Si/Fe] [Ca/Fe] [Ti/Fe] [Sr/Fe] [Ba/Fe] [Eu/Fe] 
IC 4651-6333 0.07 0.18 0.08 0.06 0.03 -0.06 0.00 0.15 
IC 4651-7646 0.05 0.18 0.07 -0.05 -0.07 -0.03 0.07 0.15 
IC 4651-8540 0.00 0.13 -0.01 -0.17 -0.17 -0.07 0.01 0.18 
IC 4651-9025 0.05 0.22 0.00 -0.10 -0.11 -0.05 0.13 0.17 
IC 4651-9122 0.04 0.19 0.25 0.11 0.12 -0.01 0.18 0.13 
IC 4651-9791 0.11 0.24 0.26 0.10 0.08 -0.03 0.03 0.10 
IC 4651-14527 0.09 0.13 0.17 0.10 0.09 0.12 0.11 0.11 
Меап+ oc 0.06-0.01 0.18+0.02 0.12+0.04 0.01+0.04 0.00+0.04 -0.02+0.02 0.08+0.03 0.14+0.01 
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Table 6. Error propagation in the abundances for IC 4756—38. Second to 
sixth column gives the error from Tef f, log g, [Fe /H] and line to line scatter 
respectively. Last column represents the total abundance error. 


1/2 
Species | АТ, рр  Alogg Aë A[Fe/H] AAb (5 e? 


Fe I 
Fe [I 
Mg I 
All 
Sr I 
ҮП 
Zr I 
La II 
Cell 
Nd II 





0.02 
0.02 
0.01 
0.01 
0.03 
0.00 
0.04 
0.00 
0.01 
0.00 


0.00 
0.04 
0.01 
0.01 
0.01 
0.04 
0.01 
0.04 
0.04 
0.04 
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0.02 
0.02 
0.01 
0.01 
0.04 
0.03 
0.00 
0.01 
0.01 
0.02 


0.01 
0.01 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 
0.01 


0.03 
0.06 
0.03 
0.02 
0.05 
0.05 
0.07 
0.05 
0.04 
0.06 
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Table 7. Chemical clocks and abundance ratios in the clusters IC 4756, NGC 6940, NGC 5822, NGC 6633, NGC 5316 and NGC 2682. The ratios were obtained 
from the definition [a/b] 21og (№, / Np), — log (Na/Npb)o- 





star [Y/Mg] [Y/ AI] [Y/Si] [Y/Ca] [Y/Ti] 
IC 4756-12 0.11 0.08 0.03 0.01 0.07 
IC 4756-14 0.12 0.05 -0.01 0.08 0.20 
IC 4756-28 0.01 -0.20 -0.11 -0.02 0.08 
1С 4756-38 0.18 0.10 0.07 0.08 0.12 
1С 4756-42 0.15 0.06 0.00 0.03 0.10 
IC 4756-44 0.23 0.10 0.03 0.01 0.09 
IC 4756-52 0.07 -0.07 -0.12 0.06 0.18 
IC 4756-101 0.17 0.10 0.06 0.05 0.09 
IC 4756-109 0.13 0.01 0.01 0.01 0.09 
IC 4756-125 0.04 -0.06 -0.05 0.00 0.05 
IC 4756-164 0.15 0.02 0.04 0.03 0.06 
Means c, 0.12+0.02 0.02+0.03 -0.0120.02 0.03+0.01 0.10+0.01 
ІС 4651-6333 0.13 0.00 0.09 0.23 0.15 
ІС 4651-7646 0.03 -0.10 0.01 0.13 0.23 
IC 4651-8540 -0.06 -0.01 0.01 0.16 0.21 
IC 4651-9025 -0.02 0.03 0.03 0.13 0.14 
IC 4651-9122 -0.04 -0.10 -0.09 -0.01 0.06 
IC 4651-9791 0.11 -0.01 0.04 0.20 0.20 
IC 4651-14527 0.22 0.18 0.15 0.23 0.23 
Means c, 0.05+0.04  0.00+0.04 0.03+0.03 0.15+0.03 0.17+0.02 
МОС 6940-28 -0.06 -0.05 -0.05 -0.04 0.02 
NGC 6940-30 -0.07 -0.07 -0.04 -0.04 0.03 
NGC 6940-67 -0.06 -0.10 -0.08 -0.07 -0.04 
NGC 6940-87 0.01 0.06 -0.01 0.00 0.05 
NGC 6940-101 0.15 0.06 0.09 0.12 0.22 
NGC 6940-105 -0.03 -0.13 -0.09 0.01 0.06 
NGC 6940-108 0.24 0.19 0.26 0.31 0.23 
NGC 6940-132 0.04 -0.01 -0.04 -0.02 0.13 
NGC 6940-138 0.00 -0.02 0.01 0.05 0.06 
NGC 6940-139 -0.02 -0.04 -0.02 -0.03 0.07 
NGC 6940-152 -0.03 -0.08 -0.07 -0.03 0.04 
Means On 0.02+0.03 -0.02+0.03 0.00+0.03  0.03+0.03 0.09+0.02 
NGC 5822-6 -0.03 -0.03 -0.04 -0.03 -0.02 
NGC 5822-8 0.05 0.05 -0.02 0.04 0.15 
NGC 5822-102 -0.04 -0.04 0.05 0.00 0.02 
NGC 5822-224 0.17 0.17 0.17 0.13 0.15 
NGC 5822-240 -0.26 -0.26 -0.16 -0.09 -0.13 
NGC 5822-316 -0.09 -0.09 -0.03 -0.03 -0.02 
NGC 5822-348 0.03 0.03 -0.02 -0.02 -0.04 
NGC 5822-375 -0.17 -0.17 -0.02 0.03 0.05 
NGC 5822-443 -0.02 -0.02 0.03 0.11 0.10 
Means c, -0.04+0.04 -0.04+0.04 0.00+0.03 024002 0.03+0.03 
NGC 6633-78 -0.02 -0.16 -0.05 0.10 0.14 
NGC 6633-100 0.07 -0.06 0.08 -0.06 0.10 
NGC 6633-106 0.14 -0.05 0.03 -0.02 0.02 
NGC 6633-119 0.14 0.06 0.10 0.04 0.10 
NGC 6633-126 0.16 0.02 0.04 -0.02 0.06 
Means c, 0.1040.03 -0.04+0.04 0.04+0.03 (014003  0.08-0.02 
NGC 5316-31 0.07 -0.16 0.00 0.12 0.18 
NGC 5316-35 -0.13 -0.22 0.02 0.11 0.08 
NGC 5316-45 -0.03 -0.12 -0.05 0.17 0.22 
NGC 5316-72 0.01 -0.12 -0.01 0.22 0.25 
Means ог, -0.02+0.04 -0.15+0.02 -0.01+0.01 (0.164002 0.18+0.04 
NGC 2682-141 -0.10 -0.14 -0.16 -0.02 0.01 
NGC 2682-151 -0.08 -0.12 -0.21 0.01 -0.06 
NGC 2682-244 -0.05 -0.14 -0.08 -0.01 -0.05 
Means ог, -0.0720.01 -0134001 -0.15+0.03 -0.0140.04 -0.03+0.03 
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Table 8. Results from the linear least square regression for the abundance ratios vs. age relations for the giant and dwarf stars presented in Luck (2015, 2018). 
The slopes (5) and y-axis intercept (y) parameters are presented, as well as the Pearson correlation coefficients (r) and p—values. The index g and d correspond 
to giants and dwarfs respectively. 


Ratio Sg Ус Гр Pg Sd Yd rd Pd 
-0.017+0.003 0.016+0.010 -0.17+0.04 -0.020+0.002 0.118-0.009 -0.48+0.03 63x10 ^^ 
-0.023+0.003  -0.07240.010 -0.22+0.04 -0.023--0.002 0.140+0.010 -0.49+0.03 12х10:7 
-0.032+0.004  -0.089-0.011 -0.28+0.03 -0.014+0.001 0.071+0.008 -038-003 3.3 x 1072! 
0.002::0.003 0.007+0.009 +0.02+0.03 . -0.013+0.001  0.061-0.008 -0.37+0.03 3.1х10:2 

i -0.004-0.003 0.049+0.009 -0.05+0.04 -0.013+0.001  0.048+0.008 -0.36-004  3.0x 1077? 





Table 9. Chemical clocks differences between giants and dwarfs stars within the same open clusters. Melotte 25 was studied by Luck (2015, 2018) whereas the 
others were studied by Blanco-Cuaresma et al. (2015). The N, corresponds to the number of giants and dwarfs studied in each cluster. 


Cluster | [Y/Mglga [Y/Allead [Y/Silgg — [Y/Calgg Га | Ns (8, d) 





Melotte 25 (5, 42) 
IC 4651 0.04 (6, 2) 
IC 4756 0.02 (1, 3) 

M 67 0.04 (28, 14) 

NGC 2447 0.11 (3, 3) 

NGC 2632 0.04 (11, 2) 

NGC 3680 0.00 (2, 3) 


Table 10. Comparisons star by star A[a/b]-[a/b];; —[a/b]r,, , which is the literature value — this work. IC 4756 compared with Bagdonas et al. (2018), NGC 6940 
with Bocek Topcu et al. (2016), NGC 5822 with Pefia Suárez et al. (2018) and NGC 5316 with Drazdauskas et al. (2016). 


Star A[Y/Mg] A[Y/AI] A[Y/Si] A[Y/Ca] A[Y/Ti] 
IC 4756-12 -0.23 -0.22 -0.18 -0.11 -0.03 
IC 4756-14 -0.24 -0.13 -0.21 -0.13 -0.01 
IC 4756-28 -0.10 0.11 -0.21 -0.03 0.03 
IC 4756-38 -0.21 -0.02 -0.09 -0.03 0.08 
IC 4756-42 -0.28 -0.05 -0.19 -0.09 0.01 
IC 4756-44 -0.25 -0.15 -0.10 -0.11 0.00 
IC 4756-52 -0.14 -0.07 -0.17 -0.12 0.01 
IC 4756-101 -0.14 -0.05 -0.05 -0.03 0.10 
IC 4756-109 -0.14 -0.03 -0.17 -0.13 0.02 
IC 4756-125 -0.06 0.08 -0.04 -0.03 0.07 
IC 4756-164 -0.27 -0.06 -0.12 -0.10 0.01 
Mean+ ог -0.19+0.02 -0.05+0.03 -0.14+0.02 -0.08+0.01 0.03+0.01 
NGC 6940-28 0.11 0.07 -0.05 -0.05 0.02 
МОС 6940-30 0.17 0.13 -0.06 0.03 0.01 
NGC 6940-87 0.01 -0.10 -0.09 -0.11 -0.01 
NGC 6940-101 -0.11 -0.01 -0.19 -0.14 -0.18 
NGC 6940-105 -0.03 0.04 -0.01 -0.17 -0.02 
NGC 6940-108 -0.26 -0.28 -0.36 -0.08 -0.19 
NGC 6940-132 -0.12 -0.11 -0.06 -0.17 -0.09 
NGC 6940-138 -0.01 -0.02 -0.11 -0.10 -0.02 
NGC 6940-139 0.10 0.07 -0.08 -0.02 -0.03 
NGC 6940-152 -0.02 0.20 -0.03 -0.06 0.00 
Меап+ ог -0.02+0.04 0.00+0.04 -0.10+0.03 -0.09+0.02 -0.05+0.02 
NGC 5822-6 0.01 -0.10 -0.05 0.07 0.03 
NGC 5822-8 0.05 -0.15 -0.07 0.01 -0.14 
NGC 5822-102 0.12 0.01 -0.14 0.13 -0.01 
NGC 5822-224 -0.06 -0.17 -0.26 0.04 -0.14 
NGC 5822-240 0.19 0.17 0.07 0.07 0.14 
NGC 5822-316 -0.15 -0.17 -0.06 0.03 0.03 
NGC 5822-348 -0.18 -0.25 -0.07 0.02 0.05 
NGC 5822-375 0.04 0.01 -0.07 -0.06 -0.04 
NGC 5822-443 0.05 -0.05 -0.12 -0.08 -0.09 
Меап+ ог 0.01+0.04 -0.08+0.04  -0.09-0.03 0.03+0.02 -0.02+0.03 
NGC 5316-31 0.24 -0.05 0.16 0.09 0.02 
NGC 5316-35 0.20 0.13 0.15 0.10 0.09 
NGC 5316-45 0.28 0.23 0.21 0.04 -0.01 
NGC 5316-72 0.07 0.12 0.17 -0.01 -0.20 


Mean+ ог 0.20+0.05 0.11+0.06 0.17+0.01 0.05+0.02 -0.02+0.06 
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Table 11. Comparisons between Luck (2015) and our results. 


___ Е: С 


Star A[Y/Mg] A[Y/AI] A[Y/Si] A[Y/Ca] A[Y/Ti] 
NGC 2682-151 -0.05 -0.07 0.02 -0.05 0.03 
NGC 2682-244 0.01 0.03 0.05 -0.02 0.06 
IC 4651-8540 0.09 0.09 0.00 -0.05 -0.05 
IC 4651-9122 -0.06 -0.14 -0.06 -0.09 -0.06 
IC 4651-9791 -0.11 -0.08 -0.08 -0.06 -0.09 
IC 4651-14527 -0.05 -0.06 -0.09 0.01 0.09 





Mean+ on -0.03+0.03 -0.04+0.03  -0.03-0.02 -0.04+0.01 0.00+0.03 


Table 12. Comparisons between Casali et al. (2020) and our results. 


OC A[Y/Mg]  A[Y/Al]  A[Y/Si] A[Y/Ca]  A[Y/Ti] 
NGC 6633 -0.02 0.19 0.03 0.08 0.11 
NGC 2682 0.07 0.13 0.15 0.01 0.03 
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Table A1. Sample of stars studied in this work. 


Star Gaia DR2ID RA DEC V (B-V) 
NGC 5316-31 | 5867065827625365504  135333.68  -615018.62 9.39 1.43 
NGC 5316-35 | 5867065621466916992 13533167 -615149.98 944 148 
NGC 5316-45 | 5867065312229279616 13540131  -615048.66 9.55 1.61 
NGC 5316-72 | 5867064934272149120 1353 53.63  -615137.12 9.84 1.59 
NGC 6633-78 | 4477460391998886144 182714.28 +070032.75 730 1.43 
NGC 6633-100 | 4477223378527434880 18275474 +063600.34 8.31 1.08 
NGC 6633-106 | 4477273268868842752 18280018 +065451.43 8.69 1.03 
NGC 6633-119 | 4477253305860760960 182817.64 +064600.03 898 0.98 
NGC 6633-126 | 4477249113972647168 18282297 406422925 8.77 1.03 
NGC 5822-6 5887669507333898880 150421.25 -542305.63 1078 1.02 
NGC 5822-8 5887667033432920192 15043943 -542104.05 10.40 1.05 
NGC 5822-102 | 5887670705571768064 150349.43 -542010.62 10.85 1.03 
NGC 5822-224 | 5887646451945778176 150322.91 -542632.60 10.83 1.04 
NGC 5822-240 | 5887641435423836544 15043039  -543144.77 9.49 1.34 
NGC 5822-316 | 5887629100276804352 150430.53 -543548.74 10.52 1.03 
NGC 5822-348 | 5887691806775861248 15030046 -54281756 10.91 1.02 
NGC 5822-375 | 5887695517658166012 1503 15.84 -541639.12 9.71 1.22 
NGC 5822-443 | 5887699640826811520 150254.11 -541251.50 972 122 
IC 4756-12 4284658038773033728 18354743 405201711] 9.54 1.03 
1С 4756-14 4284662849136453376 1835 58.46  4052459.99 8.86 0.86 
IC 4756—28 4283901746580386816 18363323 +051242.78 9.01 1.32 
IC 4756—38 4283997575895463680 18 37 05.21  4051731.62 9.83 1.10 
ІС 4756-42 4284806438475643776 1837 20.77 +05 5343.11 946 0.97 
IC 4756-44 4283983552796484864 18373030 +0512 15.72 9.77 1.08 
ІС 4756-52 4283984931511649792 1837 35.83 +0515 37.82 8.06 1.37 
ІС 4756-101 4283940671842998272 18384379 +051419.94 936 1.02 
ІС 4756-109 4283990119832758528 1838 52.93  4052016.51 9.05 1.05 
ІС 4756-125 4283939920251942144 1839 17.88 +05 1348.73 936 101 
IC 4756-164 4283961979205354496 184018.52 +051851.73 9.27 1.08 
NGC 6940-28 | 1857093354284218624  203325.02 +280046.97 1156 1.2 
NGC 6940-30 | 1857476671523723904  203329.80 +281704.93 10.98 121 
NGC 6940-67 | 1857474541219852288 203404.12  4281648.62 10.96 0.88 
NGC 6940-87 | 1857478252061220096 20341470 +282215.89 11.32 1.08 
NGC 6940-101 | 1857484299385864832 203423.64 +282425.64 11.27 1.10 
NGC 6940-105 | 1857458009880137728 20342546 +2805 05.62 10.66 1.24 
NGC 6940-108 | 1857461553227085056 203425.68 +281341.61 11.19 1.04 
NGC 6940-132 | 1857481894204245504 20344011 +282638.93 10.97 1.10 
NGC 6940-138 | 1857460105824232448 203445.88  4280904.73 11.35 1.07 
NGC 6940-139 | 1857461793756724608 20344760 +281447.29 11.38 1.08 
NGC 6940-152 | 1857466844638231296 203456.64  4281427.14 10.83 1.09 
IC4651-6333 | 5949565621044529664 17243340 -495456.09 10.75 0.96 
IC4651-7646 | 5949565170038446592  172442.00  —495906.00 10.36 1.04 
IC4651-8540 | 5949565895922433408  172447.00 -495407.00 10.89 1.13 
IC4651-9025 | 5949553590806611328 172450.00 -495727.00 10.90 113 
IC4651-9122 | 5949553973093167104  172450.07  -495656.08 10.70 0.80 
IC4651-9791 | 5949577646955571712  172454.15  -495307.52 10.43 1.33 
IC4651-14527 | 5949576581802598016 172524.00 -495547.00 10.94 1.14 
NGC 2682-141 | 604917629355042176 08512280 +114801.78 10.35 1.22 
NGC 2682-151 | 604921512005266048 08512618 +115351.98 10.39 1.19 
NGC 2682-244 | 604904950611554432 08515020  4114606.92 10.70 1.02 


APPENDIX A: TABLES 


Table A2: List of absorption lines for IC 4756 stars 


Wavelength Species xy  . loggf EI2 E14 E28 E38 E42 E44 E52 E101 E109 £125 £164 Juno 
(À) (eV) (mA) (mA) (mA) (mA) (mA) (mA) (mA) (mA) (må) (må) (mA) 
5711.09 I 12 4.34 -1.73 124.7 136.6 133.7 117 113.9 112.1 143.3 120. 1 124.2 120.4 121.8 101.4 
6318.712 12 5.11 -1.94 58.4 67.4 66.9 53.6 55.5 57.7 71.8 57.1 55.3 — 61.2 41.3 
6319.242 12 5.11 -2.17 36.7 45.6 47.2 32.2 33.3 31.1 46.3 29.2 36.5 — 36.7 28.8 
7387.69 3 12 5.75 -1.25 70.2 71 76.7 74.1 67.4 67.9 85.9 72.3 81.7 73.1 69.3 72.7 
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7691.55? 12 5.75 -1 41:27 — — — — — — — — — — 56.2 
8712.69 ^ 12 0093 -].31 SAT — — — — — — — — — — 52.8 
8717.83? 12 3:93 -1.05 83.2 89.7 79:5 232 11.2 90.6 77.3 60.9 73.5 73.5 79.8 
8736.02? 12 5.94 -0.63 1146 1206 1207 1172 1059 1162 1245 113.8 1157 1103 1111 143.6 
6696.02 3 13 3.14 -1.481 54.1 71.4 76.3 50.9 49.6 54.5 90.6 51.6 27:53 55.3 58.7 34.3 
6698.67 9 13 3.14 -1.63 31.3 54.3 56.2 36.2 32.8 36.3 65.2 33.2 39.2 38.1 40.2 20.5 
7835.32 6 13 4.04 -0.58 49.6 54.9 79.5 49.9 47.1 50 11.2 49.7 57.6 46.1 52.2 36.7 
7836.13 13 4.02 -0.4 68 74.2 81.7 62.2 — 65.9 85.5 61.4 69.2 64.8 67.1 54.9 
8772.88 © 13 4.02 -0.25 78.7 102.1 1094 83.1 80.1 — 110.9 — 89.6 — 90.4 TA 
8773.91 ê 13 4.02 -0.07 — 1141 129.6 — 95.8 100.2 129.7 972 111.1 104.4 — 93 
5488.98 * 14 5.61 -1.69 34.7 39.5 33.8 35.4 35.8 33.8 222 36.6 36.0 34.6 34.4 25.3 
5517.54 * 14 5.08 -2.50 22.8 28.3 24.3 23.8 23.1 20.9 28.9 23.8 24.7 25.5 26.4 12.3 
5665.55 * 14 4.92 -1.94 65.3 — 74.1 59.7 59.4 60.6 80.3 63.9 71.1 60.9 66.6 40.6 
5684.48 * 14 4.95 -1.55 — — — — — 74.1 — — — 78.7 — 61.1 
5690.43 * 14 4.93 -1.77 64.3 68.9 67.1 63.1 — 62.2 70.5 66.5 67.8 63.3 68.8 47.9 
6125.02 * 14 5.61 -1.46 47.7 51.2 513 43.9 43.8 41.6 58.1 44.9 47.9 44.0 46.5 515 
6142.48 * 14 5.62 -1.29 43.9 45.6 45.8 43.6 47.1 43.6 44.3 42.4 45.4 43.3 40.9 34.1 
6145.02 * 14 5.62 -1.31 52.9 — 46.1 47.5 — 46.7 48.6 46.9 49.5 50.6 46.3 37.5 
6243.82 * 14 5.62 -1.24 58.3 56.3 58.2 57.8 55.9 54.1 — 50.9 60.0 56.7 54.6 42.1 
6244.47 * 14 5.62 -1.09 57.3 57.2 58.7 61.3 57.8 57.5 60.1 22.9 64.0 57.6 56.5 42.0 
6414.98 * 14 5.87 -1.03 58.6 — 522 51.3 58.5 32.9 58.4 53.3 61.1 59.2 56.6 45.1 
6721.85 * 14 5.86 -1.12 59.0 62.2 59.4 60.2 56.0 57.3 63.6 59.1 67.6 60.5 62.3 42.5 
6741.63 * 14 5.98 -1.43 195 21.6 24.5 20.9 — — 26.4 23.4 — 25.0 23.7 14.1 
6848.58 * 14 5.86 -1.52 28.1 29.4 — — 27.3 25.1 — 28.0 30.9 25.5 25.9 16.5 
7003.57 * 14 5.96 -0.94 64.4 — 56.4 62.3 — — 60.2 60.9 62.3 63.5 59.0 57.8 
5260.39 * 20 2.52 -].72 — — 67.1 54.8 — 51.3 — 53.0 — 49.8 55.7 29.7 
5512.98 * 20 2,93 -0.46 106.6 122.1 1227 1037 1006 1041 1323 100.8 1120 1020 106.2 83.7 
5581.97 * 20 2.52 -0.560 1243 1394 1408 1165 117.2 116.0 — 1165 1269 1168 125.3 92.5 
5590.11 * 20 2132 -0.56 108.4 — — 114.4 109.7 — — 112.0 — 111.7 122.3 89.4 
5867.56 * 20 2.93 -].56 49.2 58.6 59.8 37.6 42.] 37.0 67.3 41.1 50.0 40.4 44.8 22.8 
6161.30 * 20 2.52 -1.27 1020 1148 119.1 93.3 ӨТ 95.7 1402 91.7 101.2 92.1 102.2 64.5 
6166.44 * 20 2.52 -].14 100.5 1184 113.5 942 95.0 93.9 133.6 95.5 103.3 97.0 100.5 70.5 
6169.04 * 20 2.32 -0.79 117.8 139.6 1362 1152 1122 1189 1493 1147 1257 117.3 120.3 89.3 
6169.56 * 20 2.53 -0.48 135.1 — 153.1 131.4 130.5 136.0 — 130.3 1401 1322 136.1 110.0 
6455.60 * 20 2.52 -1.33 87.4 110.6 1097 87.9 84.2 84.1 123.2 86.6 96.3 84.5 90.6 54.6 
6471.66 * 20 2.53 -0.69 1229 1417 142.1 1173 115.1 118.5 — 118.0 1286 1190 1232 891 
649378 * 20 232 -0.11 1532 — — — 148.3 — — 146.9 — 142.3 — 122.2 
6499.65 * 20 2.52 -0.81 120.2 1399 1408 1156 111.0 113.1 — 120.3 1226 1134 1229 872 
6572.78 * 20 0.00 -4.24 93.2 — — — — 95.9 — — 110.0 96.1 — 29.0 
7326.15 * 20 2:93 -0.21 131.4 — 148.3 — — 135.8 — — 144.0 125.6 — 108.2 
5159.05 26 4.28 -0.65 4 90.7 86.5 79.8 86.6 77.4 — 79.6 83.5 83 83.5 68.6 
5242.49 26 3.63 -0.97 115.3 119.4 1234 1078 1079 1104 1405 1071 1147 1098 1107 85.9 
5253.03 26 2.28 -3.79 60.2 65.4 67.6 45.9 52.4 45.9 66.6 47.1 52 41.2 SL 17.1 
5288.52 26 3.60 -].51 85.6 102.1 112.1 82.9 87.8 79.2 121.4 82.4 86.4 84.1 93.5 58.6 
39211 26 4.43 -].19 61.4 70.7 73.5 59.2 59.3 57.8 53.2 59.8 66 59.1 61.9 42.1 
5322.04 26 2.28 -2.84 100.3 119.8 121 91.5 94.5 97.2 1355 952 109.4 98 101.8 62.1 
5364.87 26 4.45 0.23 129.1 141 138.4 128.6 135 141 151.8 132 130.2 129.60 1406 132.9 
5367.46 26 4.42 0.439 137.8 1495 143.1 1399 1446 145.1 158.7 138.1 1386 138.8 1462 145.1 
5373.1 26 4.47 -0.71 80.1 89.8 84.6 83.3 79.7 79.1 100.3 80.3 83.1 81 82.2 62.6 
5389.47 26 4.42 -0.25 101.5 113.6 106. 98.7 97.3 96.9 120 — 101.5 103 101.5 81.9 
5410.91 26 4.47 0.4 132.8 138.6 137.7 131.5 125.1 128.1 — 1246 133.3 131.7 127.1 130.9 
5417.03 26 4.42 -1.53 33.9 63.9 60.8 54.6 52.9 54 74 51.5 57.8 52.2 58 552 
5441.33 26 4.31 -1.58 49.9 71.2 65 52.4 52.3 54.8 74.4 522 56.4 55.4 48.9 515 
5445.04 26 4.39 0.041 123.6 140 1346 125.8 1307 122.3 153.1 128.1 135.6 1262 1302 1222 
5522.44 26 4.21 -].4 63.3 68.9 71.8 63.5 61 60.5 61.8 61.9 64.7 66.1 60.6 45.1 
5554.89 26 4.55 -0.3& 122.6 137.3 1364 1205 118.3 1227 139.9 1207 1294 11869 1254 100.1 
5560.21 26 4.43 -1.04 72.4 76.8 75.6 72.9 64.9 66.9 84.7 67.6 71.4 69.6 67.8 51.1 
5584.76 26 3.57 -2.17 63 The 78.4 58.4 57.8 61.7 90.8 62.7 70.1 63.3 63.8 39.2 
5624.02 26 4.39 -1.33 65.1 76.6 82.5 12.3 69.1 62.3 95.5 69 73.8 70.2 71.6 22.3 
5633.94 26 4.99 -0.12 78.5 88.1 85.4 81.8 79.3 77.5 98.6 63.2 65.2 68.5 63.5 65.2 
5635.82 26 4.26 -].74 51.8 58.4 56.5 51.6 50.3 50.6 68.8 52.8 54.3 53.4 54.6 34 
5638.26 26 4.22 -0.72 101.6 1149 115.1 94.1 95.7 99.5 119.3 984 101.6 103.2 103.1 71.4 
5691.49 26 4.3 -1.37 68.1 72.4 82 59.9 63.4 60.3 94.8 68.2 75.4 — 70.1 40.7 
5705.46 26 4.3 -].36 61 70.6 72.3 56.9 61.9 56.9 77.9 58.8 63.8 59.6 62.4 38.8 
5717.83 26 4.28 -0.979 87.2 100.5 98 85 87.6 81.2 106 85.8 88.5 85.4 88.7 63.1 
5731.76 26 4.26 -1.15 77.5 88.6 89.6 78.2 79.2 78.7 100.5 82.7 83.9 84 86.6 57.4 
5806.72 26 4.61 -0.9 71.8 85.5 86.3 73.2 73.6 15 92.5 77.5 74.8 78 76.9 53.9 
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5814.8 26 4.28 -].82 29.3 48.5 51.7 40 38.3 39 58.6 39.3 46.2 38.8 40.1 23.4 
5852.21 26 4.55 -1.18 59.7 84.1 84.7 65.4 542 63.8 — 63 72.3 64.5 64.4 39.9 
5883.81 26 3.96 -1.21 86.1 100.6 97.6 92.6 84.5 90.7 111.8 884 92.7 92:3 90.8 70.5 
5916.24 26 2.45 -2.99 95.3 113.1. 120.9 94 65.9 93.2 139.6 | 953 103.2 98 101.3 553 
5934.65 26 3.93 -1.02 98.5 1144 112 999 97.9 96.6 134.2 100.4 106.6 103.4 T3 
6024.05 26 4.55 -0.06 118.2 133.9 1296 1257 1224 1305 137.5 123.8 1277 117.8 1281 110.4 
6027.05 26 4.08 -1.09 87.2 95 93.1 90.5 88.1 88.6 110 89.9 95 84 95.6 62.5 
6056.00 26 4.73 -0.4 84.9 91.3 88.8 86.2 86.4 91.4 105.1 89.1 88.2 92.2 87.5 71.1 
6079.00 26 4.65 -0.97 62.2 71.8 70.7 63.6 56 60.8 13 65.5 64.3 61 67.6 47.4 
6093.64 26 4.61 -1.35 47.6 57.7 59.4 48.5 49.6 49.2 65.9 47.3 53.8 48.9 54.6 30.1 
6096.66 26 3.98 -1.78 56.3 72.3 71.5 59.3 61.3 61.5 84 60.8 63.9 61.8 62.6 212 
6120.24 26 0.91 -5.95 27.4 56.7 61.6 29.7 24.2 30.7 78.1 217 31.2 26.6 21 5.1 
6151.61 26 2.18 -3.29 66.3 113 114 66.6 61.2 64.9 127.6 84.8 93.3 89.1 90.9 49.2 
6157.72 26 4.08 -].11 90.8 118 112.6 92.6 90.3 90 122.8 | 92.9 102.4 93 103.9 63.5 
6165.36 26 4.14 -1.47 65.1 80.3 79.5 70.1 63.5 64.8 90.7 67.9 71.9 68.3 72.9 44 

6170.5 26 4.8 -0.38 107.1 107.8 1094 105.4 — 105.2 120.6 120 82.9 
6173.33 26 2.22 -2.88 108.5 1354 134.1 106.8 103 102.5 153.1 1087 1189 1073 1154 677 
6187.99 26 3.94 -1.57 76.8 88.6 89.9 70.1 68.5 72.4 1013 74.6 77.6 74.4 77.8 47.7 
6200.31 26 2.61 -2.44 108.1 130.8 132.9 1118 1034 1089 150.6 — 1216 1095 1096 71.7 
6322.68 26 2.59 -2.43 117 135.9 1344 1084 111.7 109.6 — 113.6 1263 1166 1203 78.6 
6380.74 26 4.19 -1.32 TI 99.1 94 79.6 73.9 85.1 109.3 74.6 61.5 TAA 78.6 53.8 
6392.53 26 2.28 -4.03 55 63.2 72.1 40.3 43.2 43.8 85.7 45.7 55.9 41.4 47.1 18.2 
6419.95 26 4.73 0.09 101.6 1174 1146 101.3 1002 105.9 125 104.1 108.3 — 108.8 87 
6469.19 26 4.84 -0.62 85 102.1 100 84.2 80.9 82.8 1049 81.9 90.4 — 92.1 58.4 
6518.36 26 2.83 -2.3 90.6 111.6 108.8 84.5 83 87.3 — 86.5 97.3 89.7 92 58.1 
6574.22 26 0.99 -5.02 81 108.1 113.2 76 72.5 76.1 135.9 76.3 87.8 76.3 85.2 29 
6591.31 26 4.59 -2.07 21.8 29.1 28.7 22.4 17.7 21.4 38 22.7 22.4 — 24.5 10.5 
6593.87 26 2.44 -2.42 125.7 160 158.5 127.5 126.1 133 — 122.9 142.6 — 136.8 87.5 
6597.56 26 4.8 -0.92 60.3 67 70.4 66 60.3 65.7 76.6 64.3 67.5 64.3 64.4 42.4 
6608.02 26 2.28 -4.03 48.4 75.9 78.6 44 45.1 50.2 94.9 44.6 57.1 51.9 54.6 17.1 
6609.11 26 2.56 -2.69 113.1 1399 1404 105.7 1072 1045 105.1 116.7 111.3 116.1 68.2 
6646.93 26 2.61 -3.99 37.2 62.5 60.3 32.1 33.6 32 72.5 30.3 40.3 28.1 35.1 8.2 
6653.85 26 4.14 -2.52 21.1 29.1 28.6 18.8 17.5 19.9 32 20 21.1 16.7 29.4 10.9 
6699.14 26 4.59 -2.19 19.8 25.6 26.6 13.1 18.6 17.8 29.8 16.9 18.9 14.2 18 7.5 
6703.56 26 2.76 -3.16 73.9 98.3 90.2 69.2 69 72.4 113.7 717 78.9 71.3 75.4 37.8 
6704.48 26 4.22 -2.66 12.1 22.1 17.7 12.8 12.3 15.4 25.7 10.4 12.3 10.4 15 6.1 
6710.31 26 1.8 -4.88 57.6 96.5 91.9 54.4 56 55.6 112.8 57.2 67.9 52.7 66.6 15.7 
6713.74 26 4.79 -1.6 34.4 46.4 44.6 39.2 36.5 38.3 52.9 329 39.6 33.6 38.7 21.4 
6739.52 26 1.56 -4.95 42.1 68.2 72.2 42.] 38.4 42.1 88.9 39.8 49.9 35.4 47.9 11.8 
6750.15 26 2.42 -2.62 115.1 146.2 1449 108.66 1066 116 — 111.2 1244 117.4 1195 76.2 
6752.70 26 4.64 -1.2 66 84.1 — — — 58.4 — 58.6 70.4 — 63.5 382 
6783.70 26 2.59 -3.98 38.3 74.8 79 43.9 46.4 4T.4 92.7 45.8 51.3 35.6 46.5 14.3 
6793.25 26 4.07 -2.47 26.3 40.8 37.1 25.9 27 28.6 46 25.1 32.3 24.7 33 13.2 
6806.84 26 2.13 -3.21 70.8 97 94.8 72.8 66.9 68.5 1109 70.9 80. I 70.1 11.2 34 
6810.26 26 4.61 -0.99 67.2 78.7 73.7 67.5 68.2 70.4 84.5 70.7 74.1 62.3 71.8 50 
6820.37 26 4.64 -1.17 61 74.9 75.4 58.6 57.6 62.4 84.4 66.7 68.2 58.5 68.4 40.9 
6851.63 26 1.61 -5.32 25.9 48.2 56.5 24.5 24.2 25,1 78.7 22 35.8 23.3 25.6 6.7 
6858.15 26 4.61 -0.93 68.2 83 78.6 70.1 72.3 70.3 87.6 72.6 80.6 71.3 75.9 50.2 
7132.98 26 4.08 -1.61 63.7 80.8 73.8 59.2 66.1 57.2 99.4 67.2 69.9 67.8 74.9 42.5 
6745.95 26 4.07 -2.77 — 20.3 19.6 14.6 16.4 14.2 — — 16.9 15 14.8 8.3 
6436.40 26 4.19 -2.46 — — — — — — 48.1 — — — — 11.1 
6551.67 26 0.99 -5.79 — — — — — — 99.7 — — — — 6.1 
4993.34 26.1 2.81 -3.67 58 55.2 54.1 54.8 54Л 57.7 60.4 57.6 58.4 65.5 62.6 38 
5132.65 26.1 2.81 -4 39.6 40.3 34.2 41 38.6 35.4 48.6 40.3 42.5 44 41.4 23.8 
5197.55 26.1 3.23 -2.25 110.7 105.8 1069 1066 1061 1047 — 107.2 109 109.3 113.9 819 
5234.61 26.1 3.22 -2.24 105.1 105.7 101.8 1031 102.1 105.8 101 105.1 105.6 105.1 106.5 81.9 
5284.09 26.1 2.89 -3.01 85.8 79.8 82.8 83.8 84.8 82.3 — 85.9 91.3 92.6 87.8 66.7 
592505 26.1 3.22 -3.17 60.5 ЭТ. 52.3 59.1 60.1 56.6 53 62.4 63.3 64.2 60.4 38.7 
5414.04 26.1 3.22 -3.62 48.4 36.4 40.8 44.5 41.3 39.2 39.5 41.7 45.9 42.3 40.8 25.9 
5425.24 26.1 3.2 -3.21 61.3 58.2 54.4 58.5 59.7 61.5 59.7 58.5 63.5 65.2 60.9 39.6 
5991.36 26.1 3.15 -3.56 50.4 50.7 53.2 53.6 53 50.3 46.6 56.1 58.9 53.1 58 29.9 
6084.09 26.1 22 -3.8 42.6 39.4 39.1 40.6 39.8 37.7 35.7 43.2 41.1 44.5 42 22.2 
6149.24 26.1 3.89 -2.72 50 44 45.7 48.1 53.2 44.4 48.7 55.0 55.1 31.3 51.8 37.7 
6247.54 26.1 3.89 -2.34 69.3 61 SEA 67.2 75.8 61.4 57.6 71.6 75.5 76.8 75.9 55.9 
6416.92 26.1 3.89 -2.68 53.7 53.8 52.6 55.5 55.6 52.1 3L 57.4 58.6 58.9 59 39.6 
6432.68 26.1 2.89 -3.58 62.9 64.3 57.2 39.2 62 59 63.2 61.1 65.7 67.4 65.8 43.] 
4607.34 38 0 0.283 79.9 99.1 102 76.9 72.9 78.8 118.8 791 88 80.2 85.8 41.0 
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4883.687 39.1 1.08 0.07 100.8 1253 1305 93.6 95.8 106.8 = 96.9 105.4 105.4 96.7 60.1 
5087.43’ 39.1 1.08 -0.17 84.5 85.9 90.3 85 78.9 77.6 = 78.7 88.7 85.4 82.9 48.8 
5200.42" 39.1 099 -0.57 82.1 94.8 73.1 79.4 75 _ 1067 81.4 892 79.6 83 38.9 
5289.828 39.1 1.03 -1.85 21.5 29.8 29.6 23 19.8 20.4 39.2 21.2 28.1 20 26 5.2 
5402.786 39.1 1.84 -0.44 48 48.5 50.5 38.2 37 35.4 52.8 41.1 44.8 382 421 13 
5205.72! 39.1 1.03 -0.34 = = = = = = = 75.9 = E ЗШЕ 41.4 
6127.46? 40 0.15 -1.06 19.1 39.6 46 14.8 = 16.2 62.9 15.2 23.5 14.8 214 3.8 
6134.57? 40 0 -1.28 11.1 32.4 зар 10.2 9.3 11.7 58.9 2 15.7 10.9 15.4 22 
6143.18? 40 0.07 -1.1 13.8 39.8 — 18.2 — m 70 13.8 OF 14 18.7 3 
5385.1310 40 0.52 -0.64 = 27.5 25.5 m 8.9 8.2 39.1 — — — зар 1.9 
5303.533 57.1 0.32 -1.35 26.7 392 408 24.7 219 39.2 53.1 23.3 32 20: 32.8 3.6 
6390.48" 57.1 0.32 -1.41 23.3 46.7 49.4 23.7 20.1 — 59.2 25.6 35 25.8 23.5 3.9 
5880.63!! 57.1 0.24 -1.83 = 24.9 = = 23 = 35.2 e 16.1 12.1 21:2 1.4 
5187.468 58.1 1.21 0.3 29.5 44.6 43 30.1 25 28.6 52.6 25 36.4 29.8 36 7.5 
5274.24 58.1 128 0389 404 498 45.2 35.1 30.7 29.2 55.9 30.6 43.7 37.4 38.9 9.8 
5472.38 58.1 1.25 -0.19 1757 26.2 23.1 10.8 14.5 20.3 23.4 10.9 14.9 13.8 507 2.4 
4628.16” 58.1 0.52 0.01 — = = = = = 87.1 = = — = 17.7 
4811.348 60.1 0.06 -1.015 53.7 75.9 75.6 512 438 54.7 85.8 50 55.7 50.4 53.9 9.3 
4959.128 60.1 0.06 -0.916 63.8 90.6 91.9 73.8 63.3 672 115.4 78.2 84.5 75.8 78.5 32.4 
5130.597 60.1 1.3 0.1 42.2 — 37.5 2 == хан = = зал 44.5 12.6 
5234.197 60.1 0.55 -0.46 53 нэр нэ 48.6 2 ЭР — 38.9 — 44.4 56.4 5.6 
5319.817 60.1 0.55 -0.35 61.2 = = = = = 87.9 56.4 63.8 55.3 62 13 


5740.888 60.1 1.16 -0.56 15.8 27.8 10.5 11 2.9 10.5 22.9 17.2 18.8 15.2 15.7 2.4 


1 Reddy et al. (1999); 2 Castro et al. (1997); > McWilliam et al. (1994); ^ Edvardsson et al. (1993); > Wiese et al. (1969); © Reddy et al. (2003); 7 Smith et al. 
(1996); 5 Van Winckel et al. (2000); ? Sneden et al. (1996); 10 Antipova et al. (2005); !! Reyniers et al. (2004). 


Table A3: List of absorption lines for NGC 2682 stars 


Wavelength ^ Species X loggf E141 E151 E244 Juno 


(À) (eV) (mA) (тА) (mA) 
5711.09 12 4.34 -1.94 143.3 145 130.9 101.4 
6318.71 12 5.11 -1.25 78.6 75.6 67.3 41.3 
7387.69 12 5.75 -1.05 98.1 — 87.8 72.7 
8717.83 12 5.93 -1.63 103.2 94.1 93.2 79.8 
8736.02 12 5.94 -0.63 141.5 140.7 — 143.6 
8712.69 12 5.93 -1.31 — 76.8 71.1 52.8 
6319.24 12 5.11 -2.17 — — 41.9 28.8 
6696.02 13 3.14 -1.48 79.4 — — 34.3 
6698.67 13 3.14 -1.58 60.8 62.1 48.9 20.5 
7835.32 13 4.04 -0.4 70.9 70.2 69.7 36.7 
7836.13 13 4.02 -0.283 91.8 84 75.8 54.9 
8772.88 13 4.02 -0.25 — — 98.8 72.7 
5488.98 14 5.61 -1.69 — 44.9 42.9 25.3 
5517.54 14 5.08 -2.50 32.8 — 27.8 12.3 
5665.55 14 4.92 -1.94 73.1 79.5 67.7 40.6 
5684.48 14 4.95 -1.55 — — — 61.1 
5690.43 14 4.93 -1.77 80.8 77.4 71.0 47.9 
6125.02 14 5.61 -1.46 54.6 — 47.6 31.5 
6142.48 14 5.62 -1.29 — -- — 34.1 
6145.02 14 5.62 -1.31 — 57.9 — 37.5 
6243.82 14 5.62 -1.24 — — == 42.1 
6244.47 14 5.62 -1.09 65.4 72.4 62.6 42.0 
6414.98 14 5.87 -1.03 — — — 45.1 
6721.85 14 5.86 -1.12 — 67.9 55.5 42.5 
6741.63 14 5.98 -1.43 — — — 14.1 
6848.58 14 5.86 -1.52 — 37.5 — 16.5 
7003.57 14 5.96 -0.94 — 75.4 — 57.8 
5260.39 20 2.92 -1.72 — 69.8 — 29.7 
5512.98 20 2.93 -0.46 121.5 118.8 107.6 83.7 
5581.97 20 2.52 -0.56 143.3 132.7 121.8 92.5 
5590.11 20 2.52 -0.57 133.6 — 114.5 89.4 
5867.56 20 2.93 -1.57 67.4 61.1 47.1 22.8 
6161.30 20 2.52 -1.27 125.1 117.4 95.1 64.5 
6166.44 20 2.52 -1.14 122.5 114.3 95.8 70.5 
6169.04 20 2.52 -0.80 143.6 134.2 117.8 89.3 
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6169.56 
6455.60 
6471.66 
6493.78 
6499.65 
6572.78 
7326.15 
5022.87 
5039.96 
5064.65 
5147.48 
5210.39 
5219.70 
5295.77 
5866.45 
6091.17 
6126.22 
6258.10 
6261.10 
5242.49 
5253.03 
5288.52 
5321.1 
5322.04 
5364.87 
5373.7 
5389.47 
5417.03 
5441.33 
5445.04 
5522.44 
5554.89 
5560.21 
5584.76 
5624.02 
5633.94 
5635.82 
5638.26 
5705.46 
5717.83 
5731.76 
5806.72 
5814.8 
5883.81 
5916.24 
5934.65 
6027.05 
6056 
6079 
6093.64 
6096.66 
6120.24 
6151.61 
6157.72 
6165.36 
6173.33 
6187.99 
6200.31 
6380.74 
6419.95 
6436.4 
6574.22 
6597.56 
6608.02 
6653.85 
6703.56 
6713.74 


20 
20 
20 
20 
20 
20 
20 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 


2:39 
252 
253 
2.92 
2.52 
0.00 
2.93 
0.83 
0.02 
0.05 
0.00 
0.05 
0.02 
1.07 
1.07 
221 
1.07 
1.44 
1.43 
3.63 
2.28 
3.69 
4.43 
2.28 
4.45 
4.47 
4.42 
4.42 
4.31 
4.39 
4.21 
4.55 
4.43 
3.57 
4.39 
4.99 
4.26 
4.22 
4.3 
4.28 
4.26 
4.61 
4.28 
3.96 
2.45 
3.93 
4.08 
4.73 
4.65 
4.61 
3.98 
0.91 
2.18 
4.08 
4.14 
2.22 
3.94 
2.61 
4.19 
4.73 
4.19 
0.99 
4.8 
2.28 
4.14 
2.76 
4.79 


-0.48 
-1.34 
-0.69 
-0.11 
-0.82 
-4.24 
-0.21 
-0.43 
-1.13 
-0.99 
-2.01 
-0.88 
-2.29 
-1.63 
-0.84 
-0.42 
-1.42 
-0.35 
-0.48 
-0.79 
-3.51 
-1.19 
-1.84 
-2.23 
0.71 
-0.25 
-0.53 
-1.58 
-1.041 
0.4 
-1.38 
-0.04 
-1.17 
-2.33 
-1,12 
-0.74 
51,173 
-0.36 
-1.979 
-0.15 
-1.9 
-0.82 
-].21 
-].99 
-2.02 
-].09 
-1.4 
-0.97 
-0.35 
-1.78 
-1.95 
-5.29 
-3.11 
-1.47 
-1.88 
-2.57 
-1.44 
-2.32 
-1.09 
-0.46 
-2.02 
-5.92 
-0.03 
-4.52 
-2.16 
-3.6 
-1.95 
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110.0 
54.6 
89.1 
1222 
87.2 
29.9 
108.2 
70.6 
71.1 
85.2 
34.8 
88.2 
28.2 
12.6 
48.7 
14.9 
232 
51.0 
48.9 
85.9 
17.1 
58.6 
42.1 
62.1 
132.9 
62.6 
81.9 
35.2 
31.5 
122.2 
45.1 
100.1 
51.1 
39.2 
52.3 
65.2 
34 
77.4 
38.8 
63.1 
57.4 
53.9 
23.4 
70.5 
53.3 
75 
62.5 
71.1 
47.4 
30.1 
373 
5.1 
49.2 
63.5 
44 
67.7 
47.7 
E, 
53.8 
87 
11.1 
29 
42.4 
17.1 
10.9 
37.8 
21.4 


23 


24 
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6739.52 
6806.84 
6810.26 
6820.37 
6858.15 
5691.49 
5852.21 
6024.05 
6322.68 
6518.36 
6609.11 
6699.14 
6704.48 
6750.15 
6392.53 
6469.19 
6593.87 
6710.31 
6745.95 
6752.7 
6793.25 
4993.34 
5234.61 
5325.55 
5414.04 
5425.24 
5991.36 
6084.09 
6149.24 
6247.54 
6416.92 
6432.68 
519155 
5132.65 
4607.34 
5087.43 
5200.42 
5289.82 
5402.78 
5385.13 
6134.57 
6143.18 
6127.46 
5303.53 
6390.48 
4628.16 
5187.46 
5274.24 
5472.3 
4811.34 
4959.12 
5130.59 
5319.81 
5740.88 
5234.19 


Wavelength 


(А) 
5711.09 
6318.71 
8736.02 
7387.69 
8717.83 


26 1.56 -4.21 67.7 64.4 46.6 11.8 
26 2.73 -3.99 100.6 96.4 74.1 34 
26 4.61 -0.17 87.1 78.6 67.8 50 
26 4.64 -1.93 84.7 79.3 63.2 40.9 
26 4.61 -0.67 87.1 77.3 50.2 
26 ; -1.37 — 76.2 65.3 40.7 
26 4.55 -1.18 — 83.6 69.9 39.9 
26 4.55 -0.06 — 138.6 1304 110.4 
26 2.59 -2.43 — 1328 117.4 78.6 
26 2.83 -2.3 — 111.6 61.3 
26 2.56 -2.69 — 137.6 115.6 68.2 
26 4.59 -2.19 — 27.6 7.5 
26 4.22 -2.66 — 22,2 6.1 
26 2.42 -2.62 — 144.4 118.9 76.2 
26 2.28 -4.03 — 56.1 18.2 
26 4.84 -0.62 — 89.5 58.4 
26 2.44 -2.42 — 125.9 87.5 
26 -4.88 — 64.2 15.7 
26 4.07 -2.11 — 18.1 8.3 
26 4.64 -1.2 — 70.6 38.2 
26 4.07 -2.47 — 31.1 13.2 
26.1 2.81 -3.24 62.9 65.1 58.4 38 
26.1 3.22 -2.17 101.8 106.9 1068 81.9 
26.1 3.22 -3.62 56.4 59.6 57.7 38.7 
26.1 3.22 -3.21 41.3 45.9 42.3 25.9 
26.1 -3.56 59.1 60.4 57.4 39.6 
26.1 3.15 -3.8 50.6 50.3 29.9 
26.1 . -3.72 40.7 39.4 44.3 22.2 
26.1 3.89 -2.34 49.8 47.8 46.6 37.7 
26.1 3.89 -2.68 72.5 65.7 69.7 55.9 
26.1 3.89 -2.58 53.2 49.4 55.9 39.6 
26.1 2.89 -3.73 67.3 64.5 58.9 43.1 
26.1 3.23 -2.25 — 103.3 106.3 81.9 
26.1 2.81 -4 — 46.2 23.8 
38 0.17 100.1 101.1 78.5 41 
39.1 1.08 -0.57 92.7 89.1 84.4 48.8 
39.1 0.99 -0.85 91.9 73.5 38.9 
39.1 1.03 -1.64 28.6 26.4 19.7 2.2 
39.1 1.84 -0.44 — 43.4 13 
40 0.52 -0.28 215 23.2 14.6 1.9 
40 -1.1 34.1 31.4 22 
40 0.07 -1.35 40.3 36.5 20.3 3 
40 0.15 -1.06 — 18.5 3.8 
STÅ 0.32 -1.41 30.5 21.6 3.6 
SAL 0.32 -1.74 40.7 28.5 24.1 3.9 
58.1 0.52 -0.3 72.3 68.6 53.5 17.7 
58.1 1.21 0.389 34.3 29.4 7.5 
58.1 1.28 0.015 44 42.4 28.9 9.8 
58.1 1.25 -0.19 — 1507 2.4 
60.1 0.06 -1.916 66.1 60.7 42.7 9.3 
60.1 0.06 -0.1 95.2 91.7 73.3 32.4 
60.1 | 0.35 58.7 12.6 
60.1 0.55 -0.56 61.3 44.5 13 
60.1 1.16 19.7 17.4 2.4 
60.1 0.55 -0.46 — 43.8 5.6 
Table A4: List of absorption lines for NGC 5316 stars 
Species X log gf E31 E35 E45 E72 Juno 
(eV) (mA) (mA) (mÅ) (mA) 
12 4.34 -1.73 150.0 151.4 — — 101.4 
12 5.11 -1.94 66.9 85.9 87.1 89.7 41.3 
12 5.94 -0.63 135.6 1382 — 129.1 143.6 
12 5.75 -1.25 — 89.1 87.9 94.1 72.1 
12 5.93 -1.05 — — 86.5 96.3 79.8 
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4730.04610 


6698.67 
7836.13 
8772.88 
6696.02 
5488.98 
5517.54 
5665.55 
5684.48 
5690.43 
6125.02 
6142.48 
6145.02 
6243.82 
6244.47 
6414.98 
6721.85 
6741.63 
6848.58 
7003.57 
5260.39 
5512.98 
5581.97 
5590.11 
5867.56 
6161.30 
6166.44 
6169.04 
6169.56 
6455.60 
6471.66 
6493.78 
6499.65 
6572.78 
7326.15 
5022.87 
5039.96 
5064.65 
5113.45 
5147.48 
5210.39 
5219.70 
5295.77 
5866.45 
6091.17 
6126.22 
6258.10 
6261.10 
7138.91 
5253.03 
5321.1 
5373.7 
5389.47 
5417.03 
5441.33 
5522.44 
5560.21 
5584.76 
5624.02 
5633.94 
5635.82 
5638.26 
5691.49 
5705.46 


12 


4.34 
3.14 
4.02 
4.02 
3.14 
5.61 
5.08 
4.92 
4.95 
4.93 
5.61 
5.62 
5.62 
5.62 
5.62 
5.67 
5.86 
5.98 
5.86 
5.96 
2.32 
2193 
2.52 
2.32 
2.93 
2:92 
2.32 
252 
2.53 
232 
2.53 
252 
2.52 
0.00 
2,93 
0.83 
0.02 
0.05 
].44 
0.00 
0.05 
0.02 
1.07 
1.07 
2.21 
1.07 
1.44 
1.43 
1.44 
2.28 
4.43 
4.47 
4.42 
4.42 
4.31 
4.21 
4.43 
3.57 
4.39 
4.99 
4.26 
4.22 
4.3 
4.3 


-2.39 
-1.63 
-0.4 
-0.25 
-1.481 
-1.69 
-2.50 
-1.94 
-1.55 
-1.77 
-1.46 
-1:29 
-1.31 
-1.24 
-1.09 
-1.03 
-1.12 
-1.43 
-1.52 
-0.94 
-1.72 
-0.46 
-0.56 
-0.57 
-1.57 
-1.27 
-1.14 
-0.80 
-0.48 
-1.34 
-0.69 
-0.11 
-0.82 
-4.24 
-0.21 
-0.43 
-1.13 
-0.99 
-0.78 
-2.01 
-0.88 
-2.29 
-1.63 
-0.84 
-0.42 
-1.42 
-0.35 
-0.48 
-1.59 
-3.79 
-].19 
-0.71 
-0.25 
-1.53 
-1.58 
-1.4 
-1.04 
-2.17 
-1.33 
-0.12 
-1.74 
-0.72 
-1.37 
-1.36 
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91:2 
109.3 
90.4 
112 
134.2 
88.8 
89.2 
104.3 
100.3 
107.8 
103.5 
98.9 
85.4 
135.1 
101.2 
92.6 


92.2 
106.2 
93.2 
119.1 
136.2 
86.8 
86.5 
99.6 
99.6 
109.8 
109.1 
106.3 
88.9 
142 
103.8 
93.6 


55.9 
20.5 
54.9 
12.1 
34.3 
25.3 
12.3 
40.6 
61.1 
47.9 
31.5 
34.1 
37.5 
42.1 
42.0 
45.1 
42.5 
14.1 
16.5 
57.8 
29.7 
83.7 
92:5 
89.4 
22.8 
64.5 
70.5 
89.3 
110.0 
54.6 
89.1 
12202 
87.2 
29.9 
108.2 
70.6 
71.1 
85.2 
24.4 
34.8 
88.2 
28.2 
12.6 
48.7 
14.9 
23.2 
51.0 
48.9 
6.8 
17.1 
42.1 
62.6 
61.9 
35.2 
31.5 
45.1 
51.1 
39.2 
223 
65.2 
34 
77.4 
40.7 
38.8 


25 


26 
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5731.76 
5806.72 
5814.8 
5852.21 
5883.81 
6027.05 
6056.00 
6079.00 
6093.64 
6096.66 
6120.24 
6165.36 
6187.99 
6380.74 
6574.22 
6597.56 
6608.02 
6703.56 
6710.31 
6713.74 
6739.52 
6806.84 
6810.26 
6820.37 
6851.63 
6858.15 
5242.49 
6151.61 
6518.36 
6699.14 
6704.48 
5717.83 
6419.95 
6646.93 
6745.95 
7132.98 
5132.65 
5414.04 
5425.24 
5991.36 
6084.09 
6149.24 
6247.54 
6416.92 
5234.61 
532555 
6432.68 
4993.34 
5284.09 
5197.53 
4607.34 
5200.42 
5289.82 
5402.78 
5087.43 
5385.13 
6127.46 
6134.57 
6143.18 
5303.53 
6390.48 
5880.63 
5187.46 
5274.24 
5472.3 
4811.34 
4959.12 


26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
38 
39.1 
39.1 
39.1 
39.1 
40 
40 
40 
40 
57.1 
57.1 
57.1 
58.1 
58.1 
58.1 
60.1 
60.1 


-1.15 
-0.9 
-1.82 
-1.18 
-1.21 
-1.09 
-0.4 
-0.97 
-1.35 
-1.78 
-5.95 
-1.47 
-1.57 
-1.32 
-5.02 
-0.92 
-4.03 
-3.16 
-4.88 
-1.6 
-4.95 
-3.21 
-0.99 
se 
-5.32 
-0.93 
-0.97 
-3.29 
23 
-2.19 
-2.66 
-0.979 
-0.09 
-3.99 
21 
-1.61 
-4 
-3.62 
-3.21 
-3.56 
-3.8 
an 
5,44 
-2.68 
-2.24 
-3.17 
-3.58 
-3.67 
-3.01 
2:08 
0.283 
-0.57 
-1.85 
-0.44 
-0.17 
-0.64 
-1.06 
-1.28 
-1.1 
-1.35 
-1.41 
-1.83 
0.3 
0.389 
-0.19 
-1.015 
-0.916 


32.4 
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5740.88 60.1 1.16 -0.56 32.3 39.1 44.5 38.3 2.4 
5234.19 60.1 0.55 -0.46 — 82.8 — — 5.6 
5319.81 60.1 0.55 -0.35 — — 104.1 — 13 


Table A5: List of absorption lines for NGC 5822 stars 


Wavelength ^ Species X log gf E6 Е8 E102 E224 E240 E316 E348 E375 E443 Juno 


(À) (eV) (mA) (mA) (må) (mA) (mA) (mA) (тА) (må) (mA) 
5711.09 12 4.34 -1.73 117.5 124.9 116.8 114.1 141.6 124.9 118.9 143.8 142.1 101.4 
6318.71 12 5.11 -1.94 52.7 59.8 56.3 60.9 80 60.8 34.2 73.9 70.5 41.3 
7381.69 12 5.75 -1.25 73.1 79.9 81.3 84.3 03.2 85.1 81.4 — 96.8 72.7 
8717.83 12 5.93 -1.05 87.7 — — 88.3 103.2 103.4 84.5 110.9 — 79.8 
8736.02 12 5.94 -0.63 125.2 128.1 139.8 123 140.8 148.5 135.3 — 147.8 143.6 
6319.24 12 5.11 -2.17 — 45.1 41.8 40.6 — 46.9 44.2 — — 28.8 
8712.69 12 5.93 -1.31 — 58.1 — 69.7 — 65.9 62.6 84.3 — 52.8 
7691.55 12 5.75 -1 — — — — 89.8 91 105.2 100.1 56.2 
6696.02 13 3.14 -1.481 52.7 — — 52 — 57.7 57.7 79.4 76.4 34.3 
6698.67 13 3.14 -1.63 40.3 40.2 29.3 41.6 70.6 37.4 36.3 57.3 56.3 20.5 
7835.32 13 4.04 -0.58 59.3 50.5 52.2 60.3 — — — — — 36.7 
7836.13 13 4.02 -0.4 69.3 64.7 66.2 72.1 96.8 66.6 65.7 79.8 82.5 54.9 
8772.88 13 4.02 -0.25 — -- 79.8 95.5 — — — — — 72.7 
8773.91 13 4.02 -0.07 — — — 100.5 — — — — — 93 
7362.30 13 4.02 -0.748 — — — — — 42.3 — — — 31.3 
5488.98 14 5.61 -1.69 — — 30.5 — — 36.2 — — — 25.3 
5517.54 14 5.08 -2.50 24.0 26.4 18.7 23.1 — — 23.6 28.8 30.6 12.3 
5665.55 14 4.92 -1.94 59.5 64.7 55.6 62.9 — 66.4 65.5 — — 40.6 
5684.48 14 4.95 -1.55 — — 68.5 — — — — — — 61.1 
5690.43 14 4.93 -1.77 63.5 68.3 59.0 63.8 68.8 67.3 — — — 47.9 
6125.02 14 5.61 -1.46 45.4 44.4 39.3 43.5 — 46.6 45.4 49.4 45.8 31.5 
6142.48 14 5.62 -1.29 44.5 47.8 40.5 — 42.3 47.8 — — 49.2 34.1 
6145.02 14 5.62 -1.31 48.1 51.8 41.7 — — — — — 52.7 37.5 
6243.82 14 5.62 -1.24 51.2 62.3 50.8 56.3 50.1 55.4 59.3 53.4 57.3 42.1 
6244.47 14 5.62 -1.09 53.1 65.3 49.2 57.7 56.3 58.1 57.9 54.8 60.5 42.0 
6414.98 14 5.87 -1.03 50.0 — — 51.7 48.6 54.9 — 52.1 52.2 45.1 
6721.85 14 5.86 -1.12 58.4 57.9 54.5 56.3 — 61.2 60.1 60.1 — 42.5 
6741.63 14 5.98 -1.43 22.5 24.2 20.3 22.7 — — 23.4 21.8 — 14.1 
6848.58 14 5.86 -1.52 24.9 26.2 18.3 24.9 — 30.2 29.7 28.0 32.4 16.5 
7003.57 14 5.96 -0.94 — — 59.9 65.4 59.6 — — 60.3 — 57.8 
5260.39 20 2.52 -1.72 53.7 — — — 78.7 57.1 — — — 29.7 
5512.98 20 2.93 -0.46 101.8 108.0 — 101.8 127.4 110.5 109.0 122.5 120.7 83.7 
5581.97 20 2.52 -0.56 115.8 122.9 114.3 116.4 146.3 122.6 117.7 136.7 140.3 92.5 
5590. 11 20 2.52 -0.57 — — — — 133.6 117.6 — 133.5 — 89.4 
5867.56 20 2.93 -1.57 39.7 46.2 40.8 45.3 65.2 45.3 46.6 — 59.8 22,0 
6161.30 20 2.52 -1.27 — 96.3 89.0 88.4 122.5 97.8 97.2 110.3 122.1 64.5 
6166.44 20 2.52 -1.14 87.5 104.1 94.2 94.4 129.7 102.3 97.2 120.4 119.8 70.5 
6169.04 20 2.52 -0.80 107.7 123.3 — 113.7 — 116.0 121.3 140.3 137.6 89.3 
6169.56 20 2.53 -0.48 — 127.2 — — — 129.5 135.6 — — 110.0 
6455.60 20 2.52 -1.34 82.3 87.8 81.7 86.6 118.1 88.9 90.3 115.5 111.7 54.6 
6471.66 20 2.53 -0.69 115.5 120.0 112.4 120.2 146.8 120.6 124.7 147.8 146.4 89.1 
6493.78 20 2.52 -0.11 147.8 145.4 145.5 — — — 150.0 — — 122.2 
6499.65 20 2.52 -0.82 111.7 122.6 113.2 116.4 149.4 121.7 118.1 144.4 143.5 87.2 
6572.78 20 0.00 -4.24 — — — — — — — — — 29.9 
7326.15 20 2.93 -0.21 — — — — — — — — — 108.2 
5022.87 22. 0.63 -0.43 110.3 114.4 — 110.4 — 118.7 116.4 149.7 — 70.6 
5039.96 22 0.02 -1.13 117.8 120.5 115.3 — — 126.5 126.7 — — 71.1 
5064.65 22. 0.05 -0.99 — — — — — — — — — 85.2 
5113.45 22 1.44 -0.78 57.3 65.6 — 59.5 109.7 66.7 67.7 — 93.3 24.4 
5147.48 22 0.00 -2.01 85.6 89.2 83.5 84.7 143.3 — 88.2 121.6 130.6 34.8 
5210.39 22 0.05 -0.88 — 140.2 133.4 — — 141.4 142.3 — — 88.2 
5219.70 22 0.02 -2.29 68.6 85.7 36.8 80.4 143.7 78.7 85.4 119.8 121.9 28.2 
5295.77 22 1.07 -1.63 41.4 40.2 — 43.2 95.3 422 45.3 71.4 80.3 12.6 
5866.45 22 1.07 -0.84 95.7 93.2 — 97.4 — 98.9 98.9 128.2 138.8 48.7 
6091.17 22 2.27 -0.42 32.4 38.6 37.8 39.5 86.5 46.4 45.2 68.7 69.8 14.9 
6126.22 22 1.07 -1.42 60.3 71.2 61.1 62.2 1222 66.4 67.8 104.2 103.3 23.2 
6258.10 22 1.44 -0.35 89.2 100.3 90.4 91.5 147.0 95.9 98.8 123.3 125.7 51.0 
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6261.10 
7138.91 
5242.49 
5253.03 
5288.52 
5321.1 
5322.04 
5364.87 
5367.46 
5373.7 
5389.47 
5410.91 
5417.03 
5441.33 
5445.04 
5522.44 
5554.89 
5560.21 
5584.76 
5624.02 
5633.94 
5635.82 
5638.26 
5691.49 
5705.46 
5731.76 
5806.72 
5814.8 
5852.21 
5883.81 
5934.65 
6024.05 
6027.05 
6056 
6079 
6093.64 
6096.66 
6151.61 
6157.72 
6165.36 
6170.5 
6173.33 
6187.99 
6200.31 
6322.68 
6380.74 
6392.53 
6419.95 
6469.19 
6518.36 
6574.22 
6593.87 
6597.56 
6608.02 
6609.11 
6703.56 
6710.31 
6713.74 
6739.52 
6750.15 
6783.7 
6806.84 
6810.26 
6820.37 
6851.63 
6858.15 
5159.05 


22 
22 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 


1.43 
1.44 
3.63 
2.28 
3.69 
4.43 
2.28 
4.45 
4.42 
4.47 
4.42 
4.47 
4.42 
4.31 
4.39 
4.21 
4.55 
4.43 
3.57 
4.39 
4.99 
4.26 
4.22 
4.3 
4.3 
4.26 
4.61 
4.28 
4.55 
3.96 
3.93 
4.55 
4.08 
4.73 
4.65 
4.61 
3.98 
2.18 
4.08 
4.14 
4.8 
2,22 
3.94 
2.61 
2.59 
4.19 
2.28 
4.73 
4.84 
2:83 
0.99 
2.44 
4.8 
2.28 
2.56 
2.76 
1.8 
4.79 
1.56 
2.42 
2.59 
213 
4.61 
4.64 
1.61 
4.61 
4.28 
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-0.48 
-1.59 
-0.97 
-3.79 
-1.51 
-1.19 
-2.84 
0.23 
0.439 
-0.71 
-0.25 
0.4 
-1.53 
-1.58 
0.041 
-].4 
-0.38 
-].04 
-2.17 
-].33 
-0.12 
-1.74 
-0.72 
-1.37 
-1.36 
-1.15 
-0.9 
-1.82 
-1.18 
-1.21 
-1.02 
-0.06 
-1.09 
-0.4 
-0.97 
-1.35 
-1.78 
-3.29 
-1.11 
-1.47 
-0.38 
-2.88 
-1.57 
-2.44 
-2.43 
-1.32 
-4.03 
-0.09 
-0.62 
-2.3 
-5.02 
-2.42 
-0.92 
-4.03 
-2.69 
-3.16 
-4.88 
-1.6 
-4.95 
-2.62 
-3.98 
-3.21 
-0.99 
-1.17 
-5.32 
-0.93 
-0.65 


90.5 
117.7 
48.2 
82.1 
979 
93.5 
134.8 
142.1 
77.8 
92.2 
131.1 
50.7 
48.2 
127.2 
61.6 
117.2 
66.6 
69.4 
67.3 
82.7 
45.4 
92.3 
67.3 
54.4 
68.2 
68.8 
37.9 
61.1 
80.2 
96.4 
112.4 
81.3 
78.5 
62.7 
45.3 
50.2 
80.3 
78.5 
61.1 
101.1 
65.6 
106.3 
107.9 
72.5 
41.7 
96.7 
85.7 
91.3 
69.7 
56.8 
47.4 
103.1 
67.6 
54.6 
28.4 
32.1 
108.4 
47.2 
66.3 
62.7 
58.2 


66.8 


94.9 
109.6 
51.4 
85.3 
61.4 
97.3 
135.8 
139.2 
80.8 
98.4 
53.6 
53.8 
120.1 
63.5 
121.4 
68.3 
60.4 
70.3 
82.2 
50.7 
95.1 
69.6 
56.4 
76.5 
69.6 
393 
65.6 
87.6 
96.5 
119.7 
84.5 
83.2 
61.3 
47.6 
55.1 
84.3 
92.6 
64.1 
104.3 
103.2 
70.3 
106.2 
112:1 
78.2 
43.3 
100.6 
63.5 
93.3 
72.4 
121.2 
513 
49.7 
105.1 
71.6 
59.4 
33.9 
45.1 
111.3 
46 
69.6 
65.4 
62.7 


70.3 


— 48.9 
— 6.8 
131.3 85.9 
65.8 17.1 
113.7 58.6 
76.1 42.1 
1182 62.1 

— 132.9 
— 145.1 
96.2 62.6 
1104 81.9 
— 130.9 
65.4 35.2 
70.9 31:5 
1451 122.2 
19:7 45.1 
138.2 100.1 
81.7 SLI 
— 39.2 
89.3 52.3 
97 65.2 
71.6 34 
115.4 774 
72,1 40.7 
T29 38.8 
97.4 57.4 
87.6 53.9 
51.4 23.4 
88.5 39.9 
105.5 70.5 
117.5 75 
135.3 110.4 
104.6 62.5 
113.8 71.1 
77.4 47.4 
61.3 30.1 
78.6 37.2 
114.7 | 492 
119.9 63.5 
89.0 44 
106.3 82.0 
1324 67.7 
91.6 47.7 
136.7 71.7 
139.2 78.6 
96.4 53.8 
72.9 18.2 
119.5 87 
102.5 58.4 
114.4 58.1 
12153 29 
— 87.5 
792 42.4 
79.2 17.1 
142 68.2 
98.9 37.8 
— 15.7 
45.1 21.4 
— 11.8 
146 76.2 
76.3 14.3 
101.6 34 
81.4 50 
15.6 40.9 
— 6.7 
79.4 50.2 
— 68.6 
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5916.24 26 2.45 -2.99 — 98.8 86.3 90.4 138.2 98.1 92.4 1242: 1259 553 
6120.24 26 0.91 -5.95 — 32.2 — 25.6 76.2 30.1 28.4 60.7 64.4 SÅ 
6551.67 26 0.99 -5.79 — 35.5 — 30.6 72.8 30.5 29.9 63.3 61.8 6.1 
6752.7 26 4.64 -1.2 — 62.1 52.8 64.7 — 60.4 SLT 70.6 63.7 38.2 
6793.25 26 4.07 -2.47 — 29.3 23 — 44.3 30.8 28.9 40.5 44.1 13.2 
5717.83 26 4.28 -0.979 — — 83.3 92.4 104.2 95.3 — 105.5 1023 631 
6436.4 26 4.19 -2.46 — — 21.3 28.6 46.7 25.8 23.9 40.4 36.6 11.1 
6646.93 26 2.61 -3.99 — — 31.7 34.9 — 34.8 34.1 — 60.1 8.2 
6591.31 26 4.59 -2.07 — — — 21.7 2141 28.9 24.9 23.1 — 10.5 
6653.85 26 4.14 -2.52 — — — — 39.8 23.8 20.9 30.2 33.7 10.9 
6699.14 26 4.59 -2.19 — — — — — 17.8 16.3 26.6 24.3 7.5 
6704.48 26 4.22 -2.66 — — — — — 13.7 12.9 20.7 20.8 6.1 
6745.95 26 4.07 -2.77 — — — — — — 16.1 — 24.2 8.3 
4993.34 26.1 2.81 -3.67 93:7 58.8 55.2 60.2 62.8 32.1 58.7 67.4 — 38 
5132.65 26.1 2.81 -4 41.1 49.4 43.7 — 48.6 48.5 43.5 48.6 44.3 23.8 
5197.55 26.1 3.23 -2.25 104.2 — — — — — — 112.6 — 81.9 
5234.61 26.1 3.22 -2.24 106 — 110.3 109 100.2 105.3 105.7 108.3 106.5 81.9 
5284.09 26.1 2.89 -3.01 82.5 87.1 — — — 92 87.2 955 96.4 66.7 
5325.55 26.1 3.22 -3.17 56.3 59.9 56 58.7 53.1 — 54.4 60.3 61.1 38.7 
5414.04 26.1 3.22 -3.62 44.3 48 40.5 43.3 43.3 48.9 44.2 44.4 45.3 23.9 
5425.24 26.1 3.2 -3.21 57.4 61.5 54.5 58.6 99:7 63.6 61.5 60.5 — 39.6 
5991.36 26.1 3.15 -3.56 50.1 50.1 50.2 51.4 50.5 57.4 50.7 55.4 — 29.9 
6084.09 26.1 5.2 -3.8 39.7 39.5 34.7 37.9 39.9 43.8 36.4 43.7 — 22.2 
6149.24 26.1 3.89 -2.12 50.2 49 51.5 53.3 44.1 57.3 49.3 53.3 51 37.7 
6247.54 26.1 3.89 -2.34 75 71.5 2282 78.1 62.1 — 68.7 — 66.4 55.9 
6416.92 26.1 3.89 -2.68 39,7 57.4 56.9 55.4 52.2 58.7 222 56.9 56.3 39.6 
6432.68 26.1 2.89 -3.58 — 67.3 59.7 — — 66.9 60.5 60.2 62.4 43.1 
4607.34 38 0 0.263 70.3 62.1 71.9 732 127.5 78.5 76.7 104.2 107.8 41 
5087.43 39.1 1.08 -0.17 80.8 86.9 82.2 87.4 93.2 85.5 81.6 98.7 100.9 48.8 
5200.42 39.1 0.99 -0.57 12.2 84.3 76.6 — 105.3 76.6 75.8 96.4 98.4 38.9 
5205.72 39.1 1.03 -0.34 112 — — — — — 76.9 — 101.1 41.4 
5289.82 39.1 1.03 -].85 20.4 23.3 18.9 21.5 42.2 22.1 19.4 29.7 31.3 M 
5402.78 39.1 1.84 -0.44 34.6 43.3 36.8 43 — hd 37.8 50.3 50.7 13 
4883.68 39.1 1.08 0.07 — 102.8 — — — 992 95.2 — — 60.1 
5385.13 40 0.52 -0.64 15:3 10.8 12.4 10.6 46.5 10.1 — 20.4 34.6 1.9 
6127.46 40 0.15 -1.06 18.4 19.8 18.2 19.3 65.1 15.5 17.4 42.3 45.4 3.8 
6134.57 40 0 -1.28 15 13.2 17.4 12.7 59.8 11.1 13.7 39.4 38.3 2.2, 
6143.18 40 0.07 -].1 — — 18.2 17.8 70.5 18.5 15.9 46.2 46.9 3 
5303.53 STI 0.32 -].35 23.8 30.3 23:5 205 51.5 27.6 24.4 45.6 45.2 3.6 
5880.63 SLI 0.24 -1.83 11.6 11.6 17 17.8 39 16.6 15.8 27.6 26.8 1.4 
6390.48 JÅ 0.32 -1.41 22:3 25.1 26 32 57.4 28.4 25.7 47.6 45.6 3.9 
4628.16 58.1 0.52 -0.74 59.8 66.2 60 61.6 90.3 68.1 65.8 83.6 80.3 17.7 
5187.46 58.1 1.21 0.3 30.2 36.4 28 34.2 2542 312 39.4 49.8 48.5 7.5 
5274.24 58.1 1.28 0.389 35.4 42.4 — 42.4 58.8 43.7 37.6 54.1 532 9.8 
5472.3 58.1 1.25 -0.19 157 18.4 — 17.7 33.6 21.6 16.8 — 23:9 2.4 
4811.34 60.1 0.06 -1.015 47 54.6 46.7 58.6 86.4 52.3 52.3 68.7 66.3 9.3 
4959.12 60.1 0.06 -0.916 112 — 68.2 76.8 114.1 12.7 71.3 96.9 106 32.4 
5234.19 60.1 0.55 -0.46 39.9 — — 44.7 — — — — — 5.6 
5319.81 60.1 0.55 -0.35 54.4 61.8 49.5 53.3 87.5 55.7 52.1 79.4 — 13 
5740.88 60.1 1.16 -0.56 17.6 15.3 10 20.1 32 17.3 15.3 25.5 20.1 2.4 
5311.467!! 60.1 0.98 -0.56 — 222 — 23.9 — — — 32.1 — 2:9 
5130.59 60.1 1.3 0.1 — — — — — 43.6 — — — 12.6 


Table A6: List of absorption lines for NGC 6633 stars 


Wavelength ^ Species X log gf E78 E100 E106 EII9 ~~ E126 Juno 


(A) (eV) (mA) (mA) (mA) (тА) (mA) 
5711.09 12 4.34 -1.73 149.3 127.4 114.1 116 115.9 101.4 
6318.71 12 5.11 -1.94 72.8 59.1 52.6 50.6 51.6 41.3 
7387.69 12 5.75 -1.25 86.2 79.2 64.9 63.3 67.2 72.7 
8736.02 12 5.94 -0.63 124.3 — — 110.4 107.4 143.6 
4730.04 12 4.34 -2.39 — 80.6 75.3 72.9 75.7 55.9 
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6319.24 
8717.83 
7691.55 
6696.02 
6698.67 
7836.13 
8772.88 
7835.32 
8773.91 
5488.98 
5517.54 
5665.55 
5684.48 
5690.43 
6125.02 
6142.48 
6145.02 
6243.82 
6244.47 
6414.98 
6721.85 
6741.63 
6848.58 
7003.57 
5260.39 
5512.98 
5581.97 
5590.11 
5867.56 
6161.30 
6166.44 
6169.04 
6169.56 
6455.60 
6471.66 
6493.78 
6499.65 
6572.78 
7326.15 
5022.87 
5039.96 
5064.65 
5113.45 
5147.48 
5210.39 
5219.70 
9293,17 
5866.45 
6091.17 
6126.22 
6258.10 
6261.10 
7138.91 
5321.1 
3373.7 
5389.47 
5417.03 
5441.33 
5445.04 
5560.21 
5584.76 
5624.02 
5633.94 
5635.82 
5638.26 
5705.46 
5717.83 
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12 
12 
12 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 


5.11 
5.93 
5.75 
3.14 
3.14 
4.02 
4.02 
4.04 
4.02 
5.61 
5.08 
4.92 
4.95 
4.93 
5.61 
5.62 
5.62 
5.62 
5.62 
5.87 
5.86 
5.98 
5.86 
5.96 
252 
293 
232 
2.32 
2.93 
2.32 
252 
2.52 
255 
2.32 
2.53 
2.52 
252 
0.00 
2:93 
0.83 
0.02 
0.05 
1.44 
0.00 
0.05 
0.02 
1.07 
1.07 
2.27 
1.07 
1.44 
1.43 
1.44 
4.43 
4.47 
4.42 
4.42 
4.3] 
4.39 
4.43 
3.57 
4.39 
4.99 
4.26 
4.22 
4.3 
4.28 


-2.17 
-].05 
-1 
-1.481 
-1.63 
-0.4 
-0.25 
4.04 
-0.07 
-1.69 
-2.50 
-1.94 
-1.55 
-1.77 
-1.46 
-1.29 
-1.31 
-1.24 
-1.09 
-1.03 
-1.12 
-1.43 
-1.52 
-0.94 
-1.72 
-0.46 
-0.56 
-0.57 
-1.57 
-1.27 
-].14 
-0.80 
-0.48 
-].34 
-0.69 
-0.11 
-0.82 
-4.24 
-0.21 
-0.43 
-1.13 
-0.99 
-0.78 
-2.01 
-0.88 
-2.29 
-1.63 
-0.84 
-0.42 
-1.42 
-0.35 
-0.48 
-1.59 
-1.19 
-0.71 
-0.25 
-1.53 
-1.58 
0.041 
-1.04 
-2.17 
-1.33 
-0.12 
-1.74 
-0.72 
-1.36 
-0.979 


28.8 
79.8 
56.2 
34.3 
20.5 
54.9 
22.7 
36.7 
93 
253 
12.3 
40.6 
61.1 
47.9 
31.5 
34.1 
373 
42.1 
42.0 
45.1 
42.5 
14.1 
16.5 
57.8 
29.7 
83.7 
92.5 
89.4 
22.8 
64.5 
70.5 
89.3 
110.0 
54.6 
89.1 
122.2 
87.2 
29.9 
108.2 
70.6 
71.1 
65.2 
24.4 
34.8 
88.2 
28.2 
12.6 
48.7 
14.9 
232 
51.0 
48.9 
6.8 
42.1 
62.6 
81.9 
35.2 
31.5 
1222 
51.1 
392 
32.3 
65.2 
34 
77.4 
38.8 
63.1 
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5731.76 
5916.24 
6024.05 
6027.05 
6056 
6079 
6093.64 
6096.66 
6120.24 
6151.61 
6165.36 
6187.99 
6380.74 
6419.95 
6597.56 
6608.02 
6609. 11 
6699.14 
6703.56 
6704.48 
6710.31 
6713.74 
6739.52 
6745.95 
6806.84 
6810.26 
6820.37 
6851.63 
6858.15 
7132.98 
5242.49 
5253.03 
5288.52 
5322.04 
5364.87 
5367.46 
5410.91 
5691.49 
5852.21 
5883.81 
6157.72 
6173.33 
6200.31 
6322.68 
6392.53 
6574.22 
6750.15 
6752.7 
5522.44 
5554.89 
6646.93 
4993.34 
5234.61 
5325.55 
5414.04 
5425.24 
5991.36 
6084.09 
6149.24 
6247.54 
6432.68 
5132.65 
5197.55 
5284.09 
6416.92 
4607.34 
4883.68 


26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
38 
39.1 


88.7 
105.8 
132.3 
96.9 
90.8 
69.9 
55.7 
67 
38.5 
97.7 
76.5 
80.5 
87.7 
108.9 
68.2 
56.5 
117.9 
18 

85.7 
18.9 
67.6 
41.2 
54.8 
82.1 
77.6 
68.4 
39.4 
73.9 
13.2 
116.7 
212 
91.6 
109.3 
137.9 
146.2 
133.8 
75.6 
71.9 
97.4 
99.1 
120.4 
11:15) 
124.5 
56.3 
89.3 
126.5 
69.3 
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83.5 
99.5 
128.3 
91.8 
94.1 
64.5 
49.5 
64.3 
31.4 
87.9 
70.1 
73.6 
88.4 
103.1 
65.3 
52.2 
108.1 
21. 
78.1 
15.4 
63.5 
38.6 
51.4 
173.7 
70 
62.9 
35 
73.4 
71.8 
110.8 
45.1 
94.1 
100.8 
144.9 
146.4 
133.4 
69 
70.2 
91.9 
96.8 
112.3 
110.8 
114.1 
50.2 
77 
112.6 
64.8 
71.1 
120.6 
36.5 
62.9 
109.1 
59.3 
49.8 
67.2 
55.6 
45.4 
54.1 
81.7 
66.4 
52.8 


77 
88.6 
123.2 
86.4 
82.9 
62 
46.5 
55.9 
25.3 
82.6 
65.2 
70.4 
737 
97.3 
542 
44.1 
98.8 
12.1 
66.4 
11.3 
52.4 
36.7 
35.6 
61.9 
62.1 
60.8 
25.7 
63.4 
64.4 
108.2 
42.5 
82.2 
96.8 
134.8 
142.2 
126.9 
62.6 
57.2 
61.9 
92.4 
100.5 
104.9 
108.3 
40.5 
66.8 
109.4 
65.4 
56.7 
116.4 
28 
54.1 
102.7 
60.7 
41.7 
212 
525,9 
40.1 
53.4 
72.8 
58.9 
45.2 
109.2 
66.9 
53.4 
78.1 
94.8 


86.3 
92.8 
125.4 
91.8 
83.6 
61.7 
53.6 
60.8 
27.4 
87.7 
68 
68.7 
74.3 
98.3 
59.9 
47.2 
105.6 
17.2 
75.9 
13.8 
55.8 
38.3 
36.7 
71 
69.8 
64.1 
313 
70.8 
73.3 
109.3 
40.7 
93.1 
ЭТ 
137.4 
144.5 
131 
64.4 
65.4 
88.4 
96.4 
107.1 
104.2 
111.4 
44.7 
77.8 
115.6 
68.4 
65.4 
121.2 
33.7 
60.3 
104.9 


57.4 
53.3 
110.4 
62.5 
71.1 
47.4 
30.1 
379 
5.1 
49.2 
44 
477 
53.8 
87 
42.4 
17.1 
68.2 
7.5 
37.8 
6.1 
15.7 
21.4 
11.8 
8.3 
34 
50 
40.9 
6.7 
50.2 
42.5 
85.9 
17.1 
58.6 
62.1 
132.9 
145.1 
130.9 
40.7 
39.9 
70.5 
63.5 
67.7 
717 
78.6 
18.2 
29 
76.2 
382 
45.1 
100.1 
8.2 
38 
81.9 
38.7 
25.9 
39.6 
29.9 
222 
377 
55.9 
43.1 
23.8 
81.9 
66.7 
39.6 
41 
60.1 


31 


32 
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(A) 
5711.09 
6318.71 
8712.69 
8717.83 
8736.02 
7387.69 
7691.55 
6319.24 
6696.02 
6698.67 
7835.32 
7836.13 
8772.88 
8773.91 
5488.98 
5517.54 
5665.55 
5684.48 
5690.43 
6125.02 
6142.48 
6145.02 
6243.82 
6244.47 
6414.98 
6721.85 
6741.63 
6848.58 
7003.57 
5260.39 
5512.98 
5581.97 
5590.11 
5867.56 
6161.30 


Species 


12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
20 
20 
20 
20 
20 
20 
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5200.42 
5289.82 
5402.78 
5087.43 
5385.13 
6134.57 
6143.18 
6127.46 
5303.53 
5880.63 
6390.48 
5187.46 
5274.24 
5472.3 
4628.16 
4811.34 
4959.12 
5234.19 
5319.81 
5740.88 
5130.59 
5311.46” ? 

X log gf 
(eV) 
4.34 . -1.73 
5.11 | -1.94 
593  -131 
593  -1.05 
5.94  -0.63 
575  -125 
5.75 E 
5.11  -247 
3.14 -1.481 
3.14 -1.63 
4.04 -0.58 
402 -04 
4.00 -0.25 
4.00 -0.07 
5.61  -1.69 
5.08 -2.50 
492 -1.94 
4.95 -1.55 
4.93  -1.77 
5.61 -1.46 
5.62 -1.29 
5.62 -1.31 
5.62 -1.24 
5.62 -1.09 
587 -1.03 
5.86  -1.2 
598  -143 
5.86 -1.52 
5.96 -0.94 
252. 2129 
2.93 -0.46 
2.52 -0.56 
252 -0.57 
2.93 -1.57 
252 4121 


39.1 
39.1 
39.1 
39.1 
40 
40 
40 
40 
57.1 
57.1 
374 
58.1 
58.1 
58.1 
58.1 
60.1 
60.1 
60.1 
60.1 
60.1 
60.1 
60.1 


-0.57 
-].85 
-0.44 
-0.17 
-0.64 
-1.28 
-1.1 
-1.06 
-1.35 
-1.83 
-1.41 
0.3 
0.389 
-0.19 
-0.74 
-1.015 
-0.916 
-0.46 
-0.35 
-0.56 
0.1 
-0.56 


Table A7: List of absorption lines for NGC 6940 stars 


E28 
(mÅ) 
129 
53.5 


E30 
(mÅ) 
135 
64.5 
90.5 
150 
90 
95.2 


E67 
(mÅ) 
134.2 
64.9 


E87 
(mÅ) 
121.6 
60.9 


E101 
(mÅ) 
131.6 
58.7 
69.9 
114.1 
93.2 
99.6 


E105 
(mÅ) 
138 
64.8 
75.7 
98.4 
139.5 
89.3 
105.9 


E108 
(mÅ) 
117.5 
56.9 
56.2 


17.7 


32.4 


12.6 


E139 E152 Juno 
(mÅ) (mÅ) 
128.6 1306 101.4 
65.8 63.5 41.3 
— 88 52.8 
100.9 93.7 79.8 
147.1 146.7 143.6 
96.1 97.4 72.7 
— 100.1 56.2 
— — 28.8 
— — 34.3 
51.3 54.1 20.5 
— — 36.7 
76.1 81.1 54.9 
— — 72.7 
шин — 93.0 
44.8 45.7 25.3 
— — 12.3 
65.4 74.1 40.6 
шин — 61.1 
— 78.2 47.9 
— 53.5 31.5 
— — 34.1 
55.4 57.6 37.5 
— 67.1 42.1 
60.9 65.8 42.0 
— 63.9 45.1 
66.6 68.1 42.5 
— 252 14.1 
31.2 — 16.5 
— — 57.8 
— — 29.7 
112.1 119.6 83.7 
126.9 135.9 92.5 
— — 89.4 
51.2 59.4 22.6 
103.7 109.2 64.5 
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6166.44 20 2.52 -].14 101.0 1096 1110 103.9 1093 118.9 89.1 — 98.4 106.8 1149 70.5 
6169.04 20 2.92 -0.80 117.3 1285 1264 123.9 1265 1371 11.6 1373 117.1 127.6 1312 893 
6169.56 20 2.53 -0.48 135.3 149.2 139.3 — — — 129.7 — 1348 144.8 — 110.0 
6455.60 20 252 -1.34 90.5 — 100.1 94.9 102.5 1086 78.9 107.3 88.2 94.6 102.6 54.6 
6471.66 20 2.39 -0.69 122.8 137.2 135.1 1283 130.4 — 125.1 136.9 121.1 1284 138.1 89.1 
6493.78 20 2.52 -0.11 — — — — — — — — — — — 122.2 
6499.65 20 2.52 -0.82 122.7 — 129.8 124.2 130.6 139.6 — 1366 120.7 128.7 1348 872 
6572.78 20 0.00 -4.24 — — — — — — — 112.8 97.2 106.2 119.4 29.9 
7326.15 20 2.93 -0.21 — — — — — — 123.1 — — — 150.6 108.2 
5022.87 22 0.83 -0.43 118.2 1248 126.0 — 119.0 1367 — — 114.1 115.4 — 70.6 
5039.96 22 0.02 -1.13 120.6 140.2 1263 1269 128.4 — 118.9 128.9 1223 127.8 — 71.1 
5064.65 22 0.05 -0.99 128.9 — 144.1 — — — — 149.7 1343 148.5 — 85.2 
5113.45 22 1.44 -0.78 — — — — — 83.9 — — — — 75.4 24.4 
5147.48 22 0.00 -2.01 84.2 105.3 95.6 93.5 — 114.1 80.8 102.7 — 92.2 102.5 34.8 
5210.39 22 0.05 -0.88 — — — — 145.3 — — 150.6 143.0 144.3 — 88.2 
5219.70 22 0.02 -2.29 84.7 1042 96.9 87.8 87.8 110.8 77.1 92.1 90.4 86.6 99.8 28.2 
5295.77 22 1.07 -1.63 43.2 527 50.5 50.1 49.7 67.6 34.7 54.3 49.6 50.1 35.1 12.6 
5866.45 22 1.07 -0.84 91.4 115.6 103.8 1003 1103 131.1 93.1 110.7 10866 1018 1223 48.7 
6091.17 22 2.24 -0.42 50.0 60.1 32.3 48.8 50.5 64.2 31.2 52.7 44.4 46.5 57.8 14.9 
6126.22 22 1.07 -1.42 67.5 78.2 76.0 73.4 75.9 96.3 — 79.1 73.6 66.1 79.4 23.2 
6258.10 22 1.44 -0.35 — 104.1 — — — — — 103.2 — 95.4 — 51.0 
6261.10 22 1.43 -0.48 100.1 1187 1127 — 108.8 1395 90.7 1173 990 1059 121.5 489 
5242.49 26 3.63 -0.97 119.8 121.9 117 120.3 118.8 1234 1112 1212 117.7 1167 1202 85.9 
5253.03 26 2.28 -3.79 50.4 66.3 57.9 59.4 57.8 65 39.8 63.5 51.4 59.9 64.3 17.1 
5288.52 26 3.69 -1.51 89.8 96.4 98.5 86.7 94.3 109.5 1002 101.9 932 92.4 104.2 58.6 
5321.1 26 4.43 -1.19 63.5 70.9 73.4 72.4 67 74.1 75.4 71.4 65.5 68.2 69.5 42.1 
5322.04 26 2.28 -2.84 101.5 115.9 10865 1053 105.8 1207 982 1107 1033 1014 1146 621 
5364.87 26 4.45 0.23 139.7 142.7 147.6 133.5 1465 143.1 1392 145.2 1342 143.1 1449 132.9 
5367.46 26 4.42 0.439 1419 146.2 — 147.9 148.8 1501 1465 1493 148.2 145.6 — 145.1 
5373.7 26 4.47 -0.71 81.3 87.5 89.4 91.2 87.7 — 88.1 88 82.5 84.7 94.8 62.6 
5389.47 26 4.42 -0.25 101.5 1068 105.8 100.5 104.9 112 — 107.5 1001 104.2 109.3 61.9 
5410.91 26 4.47 0.4 137.8 139.33 135.2 1317 — — — 138.5 134 137.3 — 130.9 
5417.03 26 4.42 -1.53 29.1 59.6 59.9 68.4 55.8 64.6 222 63.7 57.6 56.1 61.9 45.2 
5441.33 26 4.3] -].58 61.2 63.8 62.9 64.3 63.6 68.5 59 64.6 35.9 55.6 62.7 31.5 
5445.04 26 4.39 0.041 130.8 141.1 — 135.2 1348 142.4 136 135.1 132.3 1341 1406 122.2 
5522.44 26 4.21 -].4 69.1 72.1 78.1 72.3 65.9 76.4 61.3 72.4 66.5 69.6 76.6 45.1 
5554.89 26 4.55 -0.38 123.9 138.1 133.33 1277 1341 137.8 120 137.1 123.1 128.5 137.8 100.1 
5560.21 26 4.43 -1.04 69.7 77.6 73.2 712 — 78.3 72.5 77.1 70.8 123 76.1 51.1 
5584.76 26 3.57 -2.17 67.2 84.3 70.1 72.6 79.1 — — 80.7 76.6 76.7 79.6 39.2 
5624.02 26 4.39 -1.33 72.6 91.5 81.7 19.2 74.3 78.2 75.1 83.9 72.8 — 87.2 52.3 
5633.94 26 4.99 -0.12 62.1 92.6 88.9 90.5 89 90.5 79.3 92.4 84 — ТЛ 65.2 
5635.82 26 4.26 -1.74 58.8 61.4 57.6 — 64.6 63.8 46.4 57.8 54.9 55 59.4 34 
5638.26 26 4.22 -0.72 1034 104.7 102.1 1002 1065 111.2 957 107.6 98.4 1072 1099 774 
5691.49 26 4.3 -1.37 71.6 80.6 133 71.5 78.1 66.2 74.2 63.1 72.1 77.7 63.4 40.7 
5705.46 26 4.3 -1.36 68.7 Tað 72 1241 63.5 76.3 59.2 69.8 60.1 61.4 129 38.8 
5717.83 26 4.28 -0.979 95.4 109.9 101.9 91.8 — — 101.3 105.5 95.3 98.4 107 63.1 
5731.76 26 4.26 -1.15 82.7 83.9 86.6 88.9 86.6 89.9 85.7 89 80.1 84.1 86.8 57.4 
5806.72 26 4.61 -0.9 80.9 83.6 76.9 77.8 81 86.8 73.9 65.1 73.4 79 86.3 53.9 
5814.8 26 4.28 -1.82 50 44.4 45.3 47.4 43 50.9 33.7 50.5 44.7 42.3 48.1 23.4 
5852.21 26 4.55 -1.18 62.5 79.5 73.8 75 70.1 63.9 59 72.5 66.2 72.8 78.6 39.9 
5883.81 26 3.96 -1.21 93.9 104.4 98.7 93.8 93.4 107.1 102.9 1046 911 1027 1045 70.5 
5916.24 26 2.45 -2.99 93.4 116.7 109.1 99.2 1035 1247 931 1102 102.6 1009 109.1 53.3 
5934.65 26 593 -1.02 103 113.2 105.3 1066 1071 104 947 109.2 98.1 101.7 107.3 75 
6024.05 26 4.55 -0.06 122.5 129.6 1327 126.6 139 I3L3- 1355 138 132 129.4 136.6 110.4 
6027.05 26 4.08 -].09 92.1 100.3 92.4 98.5 89.5 96.3 89.7 939 89.5 93:7 99.3 62.5 
6056 26 4.73 -0.4 89.3 99.1 92.3 97.8 95.6 99.5 83.9 94.4 88.2 93.6 94.3 71.1 
6079 26 4.65 -0.97 65.1 12.5 132 70.2 64.8 76.4 62.1 73 67 66.2 75 47.4 
6093.64 26 4.61 -1.35 52.5 58.7 54.7 51 54.8 58.3 44 56.2 48.3 56.1 52.2 30.1 
6096.66 26 3.98 -1.78 65 68.5 66 68.1 64.7 69.3 53.9 71.4 60.6 63.7 67.9 37.2 
6120.24 26 0.91 -5.95 33.7 39.4 41.4 31.4 30.9 48.9 15.6 38.1 30.6 32.4 41.7 5.1 
6151.61 26 2.18 -3.29 94.3 100.6 93.2 96.5 93.9 106.6 | 842 99.3 92.4 93.8 101.1 49.2 
6157.72 26 4.08 -1.11 99.6 110.3 100.8 93.8 102.1 1121 91.1 1052 92.7 9r 106.6 63.5 
6165.36 26 4.14 -1.47 72.1 78.7 77.9 78.7 75.4 83.5 68 78.7 69.6 75 80.5 44 
6173.33 26 2.22 -2.88 109.1 1244 1243 1172 115.3 1323 1094 1231 111.9 1148 1239 677 
6187.99 26 3.94 -1.57 83.4 84.9 78.1 76.4 11.2 89.3 75 63.4 74.3 75.6 63.6 АЛЛ 
6200.31 26 2.61 -2.44 115.4 126.6 1223 1217 115.5 128.1 1174 1211 1122 1123 1218 71.7 
6322.68 26 2.59 -2.43 1162 1254 119.8 1151 1162 131.6 1145 126 1167 120.1 1286 78.6 
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6380.74 26 4.19 -1.32 88.2 92.6 91.2 — 94.2 103.6 90.8 97.7 83.4 84.6 — 53.8 
6392.53 26 2.28 -4.03 55.9 — 61.6 64.2 50.6 65.1 — 54.9 — 59.6 65.4 18.2 
6419.95 26 4.73 -0.09 102.7 — 121.5 — 1194 121.8 125.9 1287 1115 11148 128.1 87 

6436.4 26 4.19 -2.46 33.8 41.6 38.3 39,3 31:7 39.1 26.4 36.7 27.9 30.2 34.6 LLI 
6469.19 26 4.84 -0.62 89.4 102 93.2 87.3 92.4 103.1 80.7 98.3 85.7 91.4 — 58.4 
6518.36 26 2.83 -2.3 91.6 102.1 99.17 94.4 — 117.5 86.8 104.8 9.1 97.4 107.4 58.1 
6574.22 26 0.99 -5.02 82.8 96.7 89.5 90.3 86.5 109.6 69.7 92.5 84.8 86.3 94.1 29 

6591.31 26 4.59 -2.07 30.3 3з 30.4 — 25.7 30.3 — 33.6 24.3 27.8 36.1 10.5 
6593.87 26 2.44 -2.42 139.1 148.3 1369 142.8 1349 148.9 130.2 146 131.3 135.6 144 87.5 
6597.56 26 4.8 -0.92 60.5 65.1 67.5 12.5 65.6 124 — 63.3 61 65.5 66 42.4 
6608.02 26 2.28 -4.03 52.7 64 53.7 61.3 61.9 72.4 47.2 62.5 56.1 53.1 64.4 17.1 
6609. 11 26 2.56 -2.69 1128 1254 1141 1173 1216 1378 1105 1242 112.6 113 125.1 68.2 
6703.56 26 2.76 -3.16 TIa 88.2 84.5 91.2 81.2 98.9 74.6 90.3 74.9 78.9 86.4 37.8 
6704.48 26 4.22 -2.66 16.2 20.3 23.1 21.2 20.5 19.9 14.2 20 18.8 14.9 17.4 6.1 
6710.31 26 1.8 -4.88 62.3 80.3 72.6 68.5 69.5 90.6 56.8 76.3 61 67.9 76.1 15.7 
6713.74 26 4.79 -1.6 42.8 42 39.6 43.9 40.7 45.8 30 42.2 35.6 35.8 42.3 21.4 
6739.52 26 1.56 -4.95 44.4 49.1 43.6 49.9 — 66.3 37 5] — 44.6 33.1 11.8 
6750.15 26 2.42 -2.62 120 1294 127.5 1224 1199 1391 1115 1251 117.8 119.6 1302 7.2 
6752.7 26 4.64 -1.2 60.2 11.2 — 69.4 71.4 80.3 — 80.4 64.9 71.9 74 382 
6793.25 26 4.07 -2.47 27.4 — — 28.9 — — 22.2 — — — 32.1 152 
6806.84 26 2.13 -3.21 76 85.2 76.4 74.4 218 93.3 71.4 83.7 122 76.1 67.1 34 

6810.26 26 4.61 -0.99 72.6 73.2 72.9 73.4 69.1 79.9 70.6 60.5 68.3 7235 76.2 50 

6820.37 26 4.64 -1.17 65.6 132 13 75.1 68.1 75.9 60.8 71.6 61.8 64.6 71.9 40.9 
6858.15 26 4.61 -0.93 73.6 80 82.9 80.6 71.2 86. I 72.5 80.2 12.5 78.7 81 50.2 
6551.67 26 0.99 -5.79 — 51.6 46.3 45.5 36.4 63.4 — 53 41.1 — 51.9 6.1 
6646.93 26 2.61 -3.99 — 50.4 44.4 42.4 41.8 60.1 — 47.6 36.3 37.7 — 8.2 
6653.85 26 4.14 -2.52 — 215 22.6 28.4 26.3 30.4 22 212 24.2 23.6 27.1 10.9 
6699.14 26 4.59 -2.19 — 30.4 24 23.9 20.3 30.1 12.4 22.9 19.9 — 24.8 7.5 
6745.95 26 4.07 -2.77 — 19 — — — — — — — — 21.1 8.3 
6851.63 26 1.61 -5.32 — 47 41.6 42 55) 54.2 21.5 39.& 35.2 42.1 37.6 6.7 
7132.98 26 4.08 -1.61 — 12 76.6 — — — — — — — — 42.5 
6170.5 26 4.8 -0.38 — — 117.5 — — — 115 — — 113.2 — 82.9 
6783.7 26 2.59 -3.98 — — — — — 70.3 — 63.3 50.8 52.3 64.7 14.3 
4993.34 26.1 2.81 -3.67 59.6 — 68.4 56.9 52.9 62.6 — 63.1 60.6 — 63.2 38 

5132.65 26.1 2.81 -4 42.1 55.5 49.5 41.7 44.7 — 37.7 44.4 45.1 43.6 43.9 23.8 
5197.55 26.1 3.29 -2.25 107.4 110.6 106.9 — — 110.1 115 111.1 102 108.5 81.9 
5234.61 26.1 3.22 -2.24 111.8 104 105.3 1027 101.4 — 110.7 1025 103.8 103.8 81.9 
5284.09 26.1 2.89 -3.01 86.6 95.7 — — 87.5 — — — — — — 66.7 
5325.53 26.1 322 -3.17 62 56.9 60.7 62.5 58 58.5 — 60.9 60.8 — 60.2 38.7 
5414.04 26.1 3.22 -3.62 42.2 46.9 50.4 44.1 43.2 — 43.1 — 43.9 — 45.5 25.9 
5425.24 26.1 3.2 -3.21 67.9 66.4 60.9 64.8 59.1 59.4 69.1 60.3 58.5 63.2 61.6 39.6 
5991.36 26.1 3.15 -3.56 52.3 56.3 — 52.5 52.1 53.6 — 60 51.2 53.6 54.4 29.9 
6084.09 26.1 3.2 -3.8 40.3 47.8 44.4 — — 45.2 — 46.7 40.5 42.6 42.6 222 
6149.24 26.1 3.89 -2.72 ro 54.3 56.5 53 46.7 48.4 55.6 — 52.8 53.2 57.6 37.7 
6247.54 26.1 3.89 -2.34 70.6 74.8 73.8 72.8 68.6 65.8 76.8 74.4 70.4 79.2 75.2 55.9 
6416.92 26.1 3.89 -2.6& 55.2 61.2 56.6 58.7 55.3 60.6 61.4 57.4 55.1 56.8 59.7 39.6 
6432.68 26.1 2.89 -3.58 61.8 64.2 66.6 63.9 57.9 61.6 64.3 63.4 66.2 65.8 63.2 43.1 
4607.34 38 0 0.283 88.7 91.4 89.7 82.6 93 98.1 93.1 921,2 84.7 88 94.1 41 

4883.68 39.1 1.08 0.07 GI — — — — — — — — — — 60.1 
5087.43 39.1 1.08 -0.17 81.7 88.5 81.6 81.6 88.7 92.1 95.9 91.7 85.9 87.8 87.8 48.8 
5200.42 39.1 0.99 -0.57 13.2 85.1 71.9 75.6 88.2 92.3 — 87.5 80.8 81.7 84.6 38.9 
5205.72 39.1 1.03 -0.34 1735.1 — — — — — — — — — — 41.4 
5289.82 39.1 1.03 -1.85 20.4 26.1 — 23.3 30 30.1 28.3 28.6 25.1 26.7 2927 2:2 
5402.78 39.1 1.84 -0.44 — 46.6 40.4 42.8 43.5 49.1 43.1 46.1 39.8 40.1 44.5 13 

5385.13 40 0.52 -0.64 14.3 21 17.1 — 13.3 26.9 — 19.7 — 15 17.4 1.8 
6127.46 40 0.15 -1.06 26.5 26 22.9 20.1 24.1 — 22.8 27.9 25.2 24.4 204 3.8 
6134.57 40 0 -].28 17.4 26.7 28.2 18.4 15:3 31.6 12.9 26.1 19.9 23.8 24.4 2.2 
6143.18 40 0.07 -].1 28.4 23.9 21.2 21.6 22.9 — — 30.2 23.8 I 29.1 3 

5303.53 57.1 0.32 -1.35 25.1 31.9 22.4 18.2 28.5 34.2 23.7 31.5 27.3 25.9 S9. 3.6 
6390.48 57.1 0.32 -].41 22.9 28.2 322 26.2 29 42.2 24.2 33.1 33.9 32 34 3.9 
5880.63 97.1 0.24 -1.83 — 20.2 — 11 — — — — 17 — — 1.4 
4628.16 58.1 0.52 -0.74 57.6 66.4 69.7 62 63.5 — 63.1 67.9 55.9 67.4 71.5 17.7 
5187.46 58.1 1,21 0.3 29 31.2 36.7 36.4 31.9 42.1 — 313 29.5 31.4 30.1 7.5 
5274.24 58.1 1.28 0.389 34 43.8 40.4 39.7 44.1 47.4 35.1 43.2 39.4 40.3 47.8 9.8 
5472.3 58.1 1.25 -0.19 13.5 19.1 18.4 — — 23.9 14 21.2 — 17.3 18.8 2.4 
4811.34 60.1 0.06 -1.015 43.9 65.2 48.2 57.6 53.8 72.7 37 66.5 55.2 57.9 59.9 9.3 
4959.12 60.1 0.06 -0.916 70.5 90.1 64.6 75.7 75.1 96.1 — 85.3 75.5 76.5 80.3 32.4 
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5130.59 60.1 1.3 0.1 38.9 — — 


— = = = = = = 44.9 12.6 
5319.81 60.1 0.55 -035 50.6 67 61 61 = = = 61.4 60.1 543 64.1 13 
5740.88 60.1 1.16 -0.56 193 = 19.8 = 15 23.6 = 19.8 E = 17.2 2.4 
5234.19 60.1 0.55 -0.46 = 578 40.6 — 31.2 — 329 57.1 - - = 5.6 

5311.467 13 60.1 0.98 -0.56 - = = = =: = = -- = 18.8 = 2.3 
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